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FOREWORD 
This volume contains the programming documentation for the 
NASTlWLU updates and the hlESHGEN program for the NASTRAN Hydroelastic 
System. Volume I contains the Theory and Results. Volume 111 
contains the User Manual updates. 
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4.0 NASTRILV PROGwl NANUAL UFDATES 
The o p e r a t i o n a l  s t e p s ,  d a t a  d e s c r i p t i o n s ,  and program code f o r  t h e  new 
NASTRiW h y d r o e l a s t i c  a n a l y s i s  s y s t c ? ~  a r e  desc r ibed  i n  t h i s  s e c t i o n .  The format 
is s i m i l a r  t o  t h a t  of t h e  NASTRAN Programmer's Manual f o r  t h e  module and sub- 
r o u t i n e  d e s c r i p t i o n s .  The o v e r a l l  flow of t h e  system is desc r ibed ,  followed 
by t h e  d e s c r i p t i o n s  o f  t h e  i n d i v i d u a l  modules and t h e i r  subrou t ines .  
4.1 OVERALL PROGWI now 
( From 2 programmer's viewpoint t h e  NASTRAN h y d r o e l a s t i c  normal modes ana l -  
y s i s  is a s t r a i g h t  forward ex tens ion  of Rigid  F o r m ~ t  3, t h e  s t r u c t u r a l  normal 
modes m a l y s i s .  The o v e r a l l  f low of t h e  problem f o r  a d i r e c t  fo rmula t ion ,  
shown i t 1  Figure  1, d e s c r i b e s  t h e  key s t e p s  arid d a t a  b locks  used i n  t h e  DMAP 
program. Because of t h e  s p e c i a l  c h a r a c t e r i s t i c s  of t h e  f l u i d  degrees  o f  f r e e -  
dom, t h e  USET d e f i n i t i o n s  i n  NASTRAN have been modified.  These components 
d e s c r i b e  t h e  s i z e  and c h a r a c t e n s t i c s  of t h e  m a t r i c e s  and v e c t o r s .  
The names o f  t h e s e  new degree-of-freedom s e t s  2 r e  d e f i n e d  below: 
ug: 
A l l  s t r u c t u r e  and f l u i d  components 
u  - S t r u c t u r e  components 
x- 
u F l u i d  components 
Y' 
u -  - Free  s u r f a c e  degrees  o f  freedom 
r r  ' 
- 
u - Reduced s t r u c t u r e  components 
a '  
u  : Reduced s t r u c t u r e  p l u s  f r e e  s u r f a c e  displacements  = s o l u t i o n  s e t  
a  
I n  t h e  DMAP t h e  names of m a t r i c e s  and v e c t o r s  g e n e r a l l y  correspond t o  t h e s e  
sets. For i n s t a n c e ,  AXY is a mat r ix  w i t h  rows def ined by s t r u c t u r e  p o i n t s  (x) 
and columns corresponding t o  f l u i d  p o i n t s  (y) .  
Thc s t e p s  desc r ibed  i n  F igure  1 a r e :  
I -- S t e p  1: The normal s t e p s  used i n  Rigid Format 3 a r e  used t o  b u i l d  t h e  s t i f f -  
4. 
n e s s  (KGG) and mass (MGG) m a t r i c e s  f o r  both  s t r u c t u r e  and f l u i d .  
The mat r ix  terms f o r  t h e  f l u i d  p o i n t s  a r e  a c t u a l l y  p ressure / f low 
f u n c t i o n s  r a t h e r  than t:ir normal d i sp lacement / fo rce  f u n c t i o n s .  The 
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USET da ta  block, generated by module GP4, descr ibes  all degrees  of 
freedom. 
Step 2:  The FLBMG (Fluid/Boundary Matrix Generator) Module generates  t he  a r e a  
f a c t o r  matr ix ,  AF, and :he add i t i ona l  s t i f f n e s s  due t o  g rav i ty ,  DKGG. 
It  a l s o  produces two new USET d a t a  blocks. USETF conta ins  t h e  f l u i d  
po in t  f l a g s  and USETS desc r ibes  only s t r u c t u r e  po in ts .  
Step 3: The following DMAP p a r t i t i o n i n g  opera t ions  a r e  coded i n  t h e  system; 
a )  P a r t i t i o n  g + x + y 
b) P a r t i t i o n  y -c fr + I 
Step  4: The SWITCH module is used t o  rep lace  t h e  W E T  d a t a  block with the 
new block which descr ibes  on ly  s t r u c t u r e  po in ts .  The normal s t ruc -  
t u r e  processing modules w i l l  use t h i s  d a t a  block and opera te  only 
on the  subse ts  of t he  ux set. 
S t e p s  5 & b: For non- res ta r t  problems, t h e  s t r u c t u r e  s t i f f n e s s  and mass 
p a t r i c e s  a r e  cons t ra ined  and reduced i n  t h e  u s u a l  manner. For  
restart problems w i t h  n o  s t r u c t u r e  changes,  t h e s e  o p e r a t i o n s  are by- 
passed by t h e  u s e  of a PARAM b u l k  d a t a  ca rd .  
S t e p  7: For f l u i d  prob8.0ms w i t h  g r a v i t y  e f f e c t s ,  t h e  incremental  s t i f f n e s s  
mat r ix ,  D U X ,  is c o n s t r a i n e d  and reduced t o  correspond t o  t h e  reduced 
s t r u c t u r e  p o i n t s .  
S t e p  8: IIodule GFSMA (General  ~ l u i d / S t r u c t u r e  Matr ix  Assembler) p e r f o r m  t h e  
o p e r a t i o n s  t o  merge t h e  s t r u c t u r e  and f l u i d  m a t r i c e s  i n t o  t h e  s o l u -  
t i o n  m a t r i c e s  ( see  S e c t i o n  4.4 f o r  t h e  d e t a i l e d  s t e p s ) .  The o u t p u t  
matrices correspond t o  t h e  reduced s t r u c t u r a l  d isplacements  and t h e  
f r e e  s u r f a c e  displacements .  
S t e p  9: The NASTRAN so lu t io r l  modules a r e  executed a t  t h i s  s t a g e .  For normal 
modes, t h e  READ (Real Eigenvalue Analysis  - Displacement method) 
module is used. However, t h e  c a p a b i l i t y  e x i s t s  t o  r e s t a r t  i n  a 
dynamics a n a l y s i s  r i g i d  format. 
S t e p  10: MPYAD is  used t o  recover  f l u i d  p o i n t  p regsures  and f r e e  s u r f a c e  p o i n t  
d isplacements :  
The s t r u c t u r e  and f r e e  s u r f a c e  displacements  are s e p a r a t e d ,  d + a + f r .  
The f l u i d  p r e s s u r e s  and f r e e  s u r f  ace  displacements  are merged : 
S t e p s  11 - 13: The dependent d isplacements  f o r  t h e  s t r u c t u r e  p o i n t s  a r e  
recovered wi th  2.lodule SDRL, t h e  f h i d  dispLacements and p r e s s u r o s  
a r e  merged wi th  t h e  displacement v e c t o r s ,  and t h e  normal NASTRAN 
output processing is executed. The displacements of f luid free sur- 
face points are printed and plotted. The pressures on the interior 
f luid  points may be printed. A l l  structure displacement, force, 
s tress ,  e tc .  data is processed with the ctandard - v t i n e s .  
4.2 FUNC;TLONAL MODULE FLBMG (FLUID BOUNDARY MATRIX GENERATOR) 
Ent ry  P o i n t :  FLBMG 
Purpose 
To assemble t h e  h y d r o e l a s t i c  a r e a  f a c t o r  and g r a v i t y  s t i f f n e s s  matrices. 
I n  a d d i t i o n ,  t h e  h y d r o e l a s t i c  USET v e c t o r  is cons t ruc ted  f o r  d e f i n i n g  t h e  
v a r i o u s  s t r u c t u r a l  and f l u i d  s e t s .  
DMP Cal l i n g  Seqtence 
-- 
FLBMG G E @ M ~  ,ECT , BGPDT , S I L  ,MPT , G E ~ M ~ ,  CSTM, USET , EQEX~I~IUSETF ,U : TS ,AF, 
DKGGIS ,N,N@GRAv/S ,N,N@~EE/s,N,TILT $ 
Inpu t  Data Blocks 
GE0M2 - Element Connect i o n  Data 
ECT - Element Connection Table  
BCPDT - Basic  Grid Po in t  R e f i ~ i t i o n  Table  
SIL - S c a l a r  Index L i s t  
MPT - M a t e r i a l  P r o p e r t i e s  Table 
GEdM3 - Gravi ty  Load Data 
CSTM - Coordinate System T r a n s f o m t i o n  Matr ices  
USET - Displacement S e t  D e f i n i t i s n  Table  
EQEXIN-Equivalence between e x t e r n a l  and i n t e r n a l  g r i d  p o i n t s  
Notes 
1. The CSTM may b e  purged. 
2.  GE@M3 may b e  purged only  i f  no g r a v i t y  e f f e c t s  a r e  computed. 
Output Data Blocks 
USETF - S e t  D e f i n i t i o n  Tab le ,  f l u i d  and s t r u c t u r a l  p o i n t s  
USETS - S e t  D e f i n i t i o n  Table ,  s t r u c t u r a l  p o i n t s  on ly  
AF - F l u i d A r e a F a c t o r M a t r i x  
DKGG - Gravi ty  S t i f f n e s s  Matr ix  
Note 
-
1. DKGG w i l l  be purged i f  no g r a v i t y  e f f e c t  is computed. 
Parameters 
NC~GRAV - Input  - i n t ege r  - no d e f a u l t .  Flag which s p e c i f i e s  wnethar 
g r a v i t y  e f f e c t s  a r e  t o  be  computed (-1 ignores  g rav i ty ) .  
NBFREE - Output - i n t ege r  - no d e f a u l t .  Flag which s p e c i f i e s  whether a 
f l u i d  f r e e  sur face  e x i s t s  (-1 implies  no f r e e  su r f ace ) .  
TILT - Output - complex - d e f a u l t = ( 1 . 0 , 0 . 0 ) .  Components of t he  normal 
vec tor  t o  the  f r e e  sur face .  Used a s  input  t o  SDK2 f o r  p lo t t i ng .  
Method 
Subroutine FLBMG is a small d r i v e r  which c a l l s  t he  following rout.!.nes t o  
perform t h e  var ious  phases of matr ix  generat ion and assembly. 
1. FLBELM processes t he  f l u i d / s t r u c t u r a l  boundary elements and the  f l u i d  
f r e e  su r f ace  elements. I n  add i t i on ,  vec to r s  descr ib ing  the  connec- 
t i v i t y  of f l u i d  and s t r u c t u r a l  elements a r e  c rea ted  f o r  use when 
a l l o c a t i n g  core  during matr ix  assembly. 
2. FLBSET produces t h e  two new f l u i d  USET vec to r s  f o r  use  i n  t h e  h y t ~ o -  
e l a s t i c  ana lys i s .  
3. FLBEMG c a l c u l a t e s  t h e  i nd iv idua l  element a r ea  f a c t o r  and element 
g r a v i t y  s t i f f n e s s  matr ices .  
4. FLBMA assembles t h e  element mat r ices  i n t o  f u l l  s i z e  output  matr ices .  
Subroutines 
The u t i l i t y  subrout ines  PRETRD and PREMAT a r e  c a l l e d  by FLBEMG s o  t h a t  
lower l e v e l  subrout ines  m y  c a l l  en t ry  po in t s  TLWSI) and MAT t o  ob t a in  coordi- 
n a t e  system t r a n s f o r m a t i o ~  matr ices  (CSTM) d a t a  and ma te r i a l  p rope r t i e s  da t a ,  
respec t ive ly .  The ut ' . l i ty rou t ines  GMMATD, DCR~SS, and DN0RM a r e  a l s o  used 
f o r  ba s i c  in-core matr ix  computatians. 
l o r  purposes of communication between subrout ines  of  t h e  FLBMG module, t h e  
fol lowing common blocks a r e  used. 
Block 
-
Var iab les  i n  Order 
/FLBPTR/ ERROP - F a t a l  e r r o r  f l a ~  
IC0RE - ,  Next a v a i l a b l e  word of core  
LCdRE - Length of open core  
IBGPDT - S t a r t  of BGPDT d a t a  
NBGPDT - Length o f  d a t a  
ISIL - S t a r t  02 SIL d a t a  
NSIL - Length o f  d a t a  
IGRAV - S t a r t  of GRAV d a t a  
NGRAV - Length o f  d a t a  
I G R I D  - S t a r t  of Grid P o i n t  Connec t iv i ty  Table  
NGRID - Length o f  t a b l e  
IBm1 - GIN@ b u f f e r  1 
IBUF2 - GIN$ b u f f e r  2 
IBUF3 - GIN$ b u f f e r  3 
IRUF4 - G I N 0  b u f f e r  4 
IBUF5 - GIN$ b u f f e r  5 
2 - Open c o r e  for t h e  f i r s t  t h r e e  phases of m a t r i x  
genera t ion .  
Z - Open c o r e  f o r  t h e  l a s t  phase,  o r  m a t r i x  
assembly. 
GEgM2 
dCT 
BGPDT 
SIL 
MPT 
GE@W 
CSTM 
US ET 
EZEXIN 
USETF 
US ET S 
AF 
DKGG 
FBELM 
FRELM 
C$NECT 
AFMT 
AF'DICT 
KGMAT 
KGD 1 'Yr 
GIN@ f i l e  numbers f o r  the - w - i o u s  i n p u t ,  ou tpu t  
and s c r a t c h  f i l e s .  
Subroutine Name : FLBELEI 
Entry Point :  FLBELM 
Purpose: To process t h e  f l u i d  elements c o n s t i t u t i n g  the  f l u i d / s t r u c t u r e  
boundary and t o  determine connec t iv i ty  between these  elements. 
Ca l l ing  Sequence: CALL FLBELM 
Method: The BGPDT da t a  descr ib ing  g r i d  po in t s  is opened and read i n t o  
open core.  GEdM2 i s  then opened a d  the  record containing CFLSTR bulk  
da ta  cards  is located.  The d a t a  is then read and s to red  below t h e  BGPDT 
d a t a  i n  t h e  Element Boundary Table a s  follows: 
Word No. Descr ip t ion  
1 Fluid element I D  
2 S t r u c t u r a l  element I D  
3-6 (zero) 
7 Gravity I D  
, 
The ECT d a t a  block is then read and each 2-D element type is processed. 
A s  each element is  processed, i f  t he  s t r u c t u r a l  element is connected t o  
any f l u i d  element, t h e  g r id  po in t s  of t h e  s t r u c t u r a l  element are i n s e r t e d  
i n t o  t h e  four  zero words i n  t h e  element boundary t a b l e  record. ( I f  t h e  
s t r u c t u r a l  element is  t r i a n g u l a r ,  only t h r ee  g r i d s  are found.) The CFREE 
cards  are then read from GEdM2 and s to red  i n  a s i m i l a r  seven-word record 
i n  core .  
Word No. Descr ipt ion 
1 Flu id  element I D  
2 -1 
3 Element FACE I D  
4-6 ze ro  
7 Gravi ty  I D  
The ECT is then read again and only f l u i d  elements a r e  processed. For each 
element the  following s t e p s  a r e  performed. 
I f  the  f l u i d  element is on the  f r e e  su r f ace  ( t he  s t r u c t u r a l  element 
I D  w i l l  be negative):  
1. Subroutine FLFACE is  c a l l e d  t o  l o c a t e  t he  3 o r  4 f l u i d  g r i d  po in t s  
on the  des i red  f ace  which forms t h e  f r e e  sur face .  
2. A 7-word record is  w r i t t e n  on f i l e  FRELMwhich contains  t h e  f l u i d  
element I D ,  ma te r i a l  I D ,  g r av i ty  I D ,  and the  f l u i d  g r i d  po in t s  
de f in ing  t h e  des i red  face .  
I f  t he  f l u i d  element i s  connected t o  a  s t r u c t u r a l  element: 
1. Subroutine FLFACE is  c a l l e d  t o  l o c a t e  t h e  3 o r  4 f l u i d  g r i d  po in t s  
on t h e  f a c e  which forms t h e  boundary. 
2. A 12-word record is  w r i t t e n  on f i l e  FBELM which is s imi l a r  t o  
FRSLM except t h e  s t r u c t u r a l  element I D  and g r i d  po in t s  are a l s o  
i n r  luded . 
A s  t h e  above s t e p s  a r e  being performed a t a b l e  of g r i d  po in t  connec t iv i ty  
is a l s o  created.  This t a b l e  provides t h r e e  p ieces  of information: 
1. The maximum number of s t r u c t u r a l  g r i d  po in t s  connected t o  each 
f l u i d  po in t  on t he  boundary. 
2 .  The maximum number of s t r u c t u r a l  g r i d  po in t s  connected t o  each 
s t r u c t u r a l  po in t  on t h e  boundary. 
3.  The maximum number of f l u i d  po in t s  connected t o  each f l u i d  po in t  
on t h e  f r e e  surface.  
The open core  layout  f o r  FLBELM is as follows: 
Fluid element d a t a  f a r  boundary 
and f r e e  su r f ace  1 7 yx -ds l en t ry  
IBGPDT Grid Point  Data I 4 words/entry 
IVEC 
IBUF3 
r i d  point  connec t iv i ty  t a b l e  
G I N 0  buf fe r  f o r  FT(ELM 
IBUF2 
IBUFl 
G I N 0  bu f f e r  f o r  ECT 
GIN@ bu f f e r  f o r  G E @ M ~  and FBELM 
Subprogram Name:  FLFACE 
Entry Point:  F'LFACE 
Purpose: To l o c a t e  t h e  f l u i d  g r id  po in t s  which descr ibe  t h e  f ace  of a  
f l u i d  element. The p a r t i c u l a r  f ace  may b e  spec i f i ed  by e i t h e r  a f ace  
number o r  t h e  g r i d s  of a  s t r u c t u r a l  element which form a boundary wi th  
t he  face.  
Ca l l ing  Sequence: CALL FLFACE (TYPE,ECT,EBT,ELT) 
TYPE - The element type 
ECT - The ECT record f o r  t h e  des i red  f l u i d  element 
ELT - The element boundary t a b l e  e n t r y  f o r  t h e  f l u i d  element. 
The 7-word block, a s  described i n  t he  previous s e c t i o n ,  
conta ins  e i t h e r  the  f l u i d  f ace  number o r  t he  s t r u c t u r a l  
g r i d  I D ' S .  
GRID - Flu id  g r i d  po in t s  loca ted  (3  o r  4 )  
Meth~d:  If t he  f a c t  ID is presented:  
The corresponding f l u i d  g r i d  po in t s  a r e  obtained d i r e c t l y .  The f a c e  
numbering conventions a r e  described i n  t h e  User's Manual under t he  
bu lk  d a t a  desc r ip t i on  f o r  each f l u i d  element type. 
I f  t h e  s t r u c t u r a l  g r i d  po in ts  a r e  provided: 
1. Find normal and cen t ro id  of s t r u c t u r a l  element f ace  
A 1 - 
Rc 
= -(R + 2 + ) f o r  t r i a n g l e  element 3 1  2 3 
A l A  -L 
Rc = -(R + < + R + $ ) f o r  quad element 4 1  2 3 4 
where Ri a r e  coordinates  f o r  s t r u c t u r a l  g r id  po in t s  obtained from t h e  
BGPDT. 
2. For each face  of the  f l u i d  element, f ind  the  angle between the  f l u i d  
face  and s t r u c t u r e  face.  If t h i s  angle  is l e s s  than 30°, a l s o  f i n d  
the  d i s t ance  from the centroid of t he  s t r u c t u r e  element normal t o  t h e  
f ace  of t he  f lu id  element. 
-L 
IF  lzf - ~~1 < 0.866 THEN 
where r a r e  coordinates  f o r  f l u i d  g r i d  poin ts  obtained from t h e  BGPDT. i 
3. The f ace  choosen has t he  smal les t  Ah value with the  angle between 
faces  l e s s  than 30". 
Subprogram Name : FLBSET 
Entry Point :  FLBSET 
Purpc-2: To cons t ruc t  t h e  hydroe las t ic  WET vec tors .  
Cal l ing  Sequence: CALL FLBSET 
Method: The SIL l ist  is  read i n t o  co re  beneath the  BGPDT and the  USET 
vec tor  a f t e r  t h a t .  The l ist  of g r id  point  connec t iv i ty  is then  w r i t t e n  
t o  t h e  COPECI' f i l e  i n  two f i l e s ,  one f i l e  f o r  each mat r ix  t o  be assembled 
l a t e r .  :he f i l e s  cons i s t  of three-word records a s  follows: 
Word No. Descript ion 
1 SIL number 
2 Maximum gr id  poin ts  connected t o  t h i s  SIL 
3 Maximum SIL's connected 
The USET t a b l e  is  then read i n t o  core.  A l ist  of f r e e  su r f ace  g r id  po in t s  
i.: then constructed by examining each e n t r y  i n  t h e  g r i d  poin t  connec t iv i ty  
t ab l e .  The BGPDT is then scanned and the  following USET b i t s  are s e t :  
I f  f l u i d  po in t :  
S e t  Y b i t  
Search l is t  of f r e e  s u r f a c e  g r i d s ;  i f  p r e s e n t ,  set f r ,  2, and a b i t ,  
o the rwise  p o i n t  is i n t e r i o r  f l u i d  p o i n t  and set i b i t .  
I f  s t r u c t u r a l  p o i n t :  
S e t  X and Z b i t  
Lf a b i t  is s e t ,  s e t  a 
Hydroe las t i c  USET b i t  p o s i t i o n s  a r e  as fol lows:  
Set  - B i t  P o s i t i o n  Descr ip t ion  
uEt 25 a + f r  
Ux 9 S t r u c t u r e  o n l y  
U 
Y 
8 F l u i d  on ly  
"fr 7 Free s u r f a c e  
U 
z 
6 x f f r  
5 - U'. a b i t s  ( s t r u c t u r e  only)  
'i 4 I n t e r i o r  f l u i d  p o i n t  
The new USET v e c t o r  is  t h e n  w r i t t e n  t o  t h e  USETf f i l e .  In a d d i t i o n ,  o n l y  
t h e  s t r u c t u r e  p o i n t s ,  x b i t  s e t ,  a r e  w r i t t e n  t o  t h e  USETS f i l e .  
The open c o r e  l ayou t  f o r  FLBSET is as fo l lows :  
IBGPDT Grid p o i n t  d a t a  
IFREE L i s t  o f  f r e e  s u r f a c e  g r i d s  
IUSET 
I V E C  
IBUFl 
USET v e c t o r  
- 
Grid p o i n t  connec t ive  t a b l e  
G I N 0  b u f f e r  
Subprogram Name: FLBPRT 
Entry Point: FLBPRT 
Purpose : 
1. P r i n t s ,  a t  user  request  v i a  DIAG 23, a list of degrees of freedom. 
For each degree of  freedom, an  i nd i ca t ion  is made iden t i fy ing  t h e  sets 
t o  which i t  belongs. 
2.  P r i n t s ,  a t  user  request  v i a  DIAG 24, t he  conten ts  of s e l ec t ed  d i s -  
placement s e t s .  For each s e t ,  a list of a l l  degrees of  freedom 
belonging t o  t h e  s e t  given. 
Cal l ing  Sequence : CALL FLBPRT (IUSET, ICQRE, IBW) 
IUSET - Open core  l oca t ion  of USETF t a b l e  
ICORE - S t a r t  of open core f o r  s to rage  of EQEXIN 
IBUF - G I N @  bu f f e r  l o c a t i o n  
Method: The D I A G  f l a g s  a r e  t e s t ed  and l o c a l  va r i ab l e s  s e t .  Table  EQEXIN 
is then read i n t o  open core and sor ted .  I f  DIAG 23 is s e t ,  Table USETF 
(already i n  open core) is examined and t h e  ex t e rna l  degree of freedom i s  
ex t rac ted  from EQEXIN and pr in ted  along with t he  set ind ica t ions .  If 
DIAG 24 i s  s e t ,  t he  t ranspose process takes  place.  
Subprogram Name: FLBEMG 
Entry Point :  FLBENG 
Purpose: To c a l c u l a t e  element g r a v i t y  s t i f f n e s s  and a r e a  f a c t o r  matrices. 
These element mat r ices ,  along with d i c t i ona ry  e n t r i e s  t o  descr ibe  them, 
a r e  wr iz ten  t o  f j l e s  f o r  use i n  t h e  matr ix  assembly phase. 
Ca l l i ng  Sequence: CALL n B E M G  
Method: The ma te r i a l  property da t a  is read i n t o  core  below t h e  SIL list 
us ing  u t i l i t y  PREMAT. PRETRD is then c a l l e d  t o  set up coordinate  t rans-  
formation d a t z  i n  core .  GE@M3 is then opened and GRAV bulk d a t a  cards  
are loca ted  and read i n t o  open core.  The open core  layout  f o r  FLBEMG w i l l  
then be: 
IRGPDT 
ICSTM I Transformation d a t a  I 
I 
Grid po in t  da t a  I 
ISIL 
IBUF5 I GIN0 buf fe r  f o r  KGDICT I 
L 
SIL list 
IBUF4 I GIN@ buf fe r  f o r  AFDICT 1 
F i l e  FBIlLM is then read and, f o r  each element, subrout ine B ~ U N D  i s  
c a l l e d  t o  c a l c u l a t e  t h e  a r e a  f a c t o r  mat r ix  and g rav i ty  s t i f f n e s s  mat r ix  
f o r  the element. The g rav i ty  s t i f f n e s s  calculations w i l l  be performed only 
i f  g r av i ty  loads a r e  presen t .  These mat r ices  a r e  then w r i t t e n  t o  f i l e s  
AFMAT and KGMAT respec t ive ly .  An AFMAT e n t r y  conta ins  s e v e r a l  3 x 1 mat r ix  
p a r t i t i o n s  a s  follows: 
Word No. Descr ip t ion  
1-3 f l u i d  SILS 
4-6 s t r u c t u r e  SILS 
f o r  t r i a n g l e  faces  
7-60 9 x 3 matrix  
f o r  quad faces  
7-102 12 x 4 matr ix  
The KGMAT f i l e  i s  w r i t t e n  i n  a  s i m i l a r  manner except is c o n s i s t s  of 
3 x 3 p a r t i t i o n s .  D i ~ t ~ o n a r y  e r t r i e s  a r e  then w r i t t e n  t o  t h e  AFDICT and 
KGDICT f i l e s  t o  descr ibe each column of t he  above matrix p a r t i t i o n s .  
The f i l e  pos i t i on  is  a l s o  recorded so  t h e  matr ix p a r t i t i o n s  may be accessed 
i n  a random sequence during assembly. A AFDICT en t ry  is a s  follows: , 
Word No. Description 
Column SIL number 
F i l e  pos i t i on  
Af ter  t h e  FBELM f i l e  i s  exhausted, a s imi l a r  procedure is performed 
with t h e  FRELM f i l e .  The major d i f f e r ence  is  t h a t  subrout ine FLFREE is 
ca l l ed  t o  compute t h e  f r e a  su r f ace  e f f e c t s  on these  elements. 
Subprogram Name: FLFREE 
Entry Point :  FLFREE 
Purpose: To compute the  a r ea  f a c t o r  and g r a v i t a t i o u a l  s t i f f n e s s  matr ices  
f o r  a f l u i d  element on the  f r e e  surface.  
Cal l ing Sequence: CALL FLFREE (FRREC,AFE,NAFE,KGE,NKGE) 
FRREC - FRELM record f o r  a f l u i d  element 
AFE - Element area f a c t o r  matrix.  Maximum s h e  is  4 x 4 double 
prec is ion  words 
NAFE - Number of words i n  t h e  M E  matrix 
KGE - Element g rav i ty  s t i f f n e s s  matrix.  Maximum s i z e  is  4 x 4 double 
prec is ion  words 
NKGE - Number of words i n  t h e  KGE matr ix 
Method : 
1. I f  t h e  f l u i d  face  is quadra t ic ,  i t  is divided i n t o  four  overlapping 
t r i a n g l e s  f o r  s t e p s  2 through 4. 
2. The a rea ,  A, of t h e  f l u i d  t r i a n g l e  i s  computed. 
3. The area  f a c t o r  terms f o r  t h i s  t r i a n g l e  a r e  computed and in se r t ed  
i n t o  the  f u l l  s i z e  element matrix.  
f o r  
4. I f  g r av i ty  loads a r e  requested,  t he  add i t i ona l  s t i f f n e s s  terms a r e  
computed and in se r t ed  i n t o  t he  elzment matrix. 
f o r  
where 
p = f l u i d  dens i ty  
g = g r a v i t a t i o n  cons tan t  
5 .  I f  t he  f l u i d  face  is quadra t ic ,  t h e  a r ea  f a c t o r  and g rav i ty  mat r ices  
a r e  divided by two t o  account f o r  t he  overlapping t r i a n g l e s .  
Subprogram Name: F'LBEMA 
Entry Point :  JXBEMA 
Purpose: To assemble t h e  element matr ices  i n t o  e i t h e r  t h e  AF or  DKGG 
matr ix .  
Ca l l i ng  Sequence : CALL FLBEMA (TYPE) 
TYPE - 1 f o r  AF matr ix  
2 f o r  DKGG matr ix  
Method: One G-size vec tor  i s  a l l oca t ed  a t  the  top of open core.  This 
vec tor  w i l l  be t he  coluam l ist ,  where each e n t r y  po in t s  t o  the  open core  
l o c a t i o n  where d a t a  f o r  t h a t  column is held. The column vec to r  is then 
zeroed and t h e  C0NECT f i l e  is opened and posi t ioned f o r  t h e  type of matr ix  
being b u i l t .  A s  each e n t r y  from t h e  CBNECT f i l e  is read ,  t h e  necessary 
core  is  a l l oca t ed  t o  hold t h e  terms f o r  t h a t  column. A po in t e r  t o  t h i s  
core  is  in se r t ed  i n t o  the  column poir . ter  vector .  The amount of core  
required f o r  each column is: 
1 + MAX GRIDS + 2 * MAX SILS 
This  a r ea  w l l l  then hold one SIL value and up to  3 double prec is ion  matr ix  
terms fdr each g r i d  po in t  en t ry  i n  t h e  column. 
This process i s  continued u n t i l  t he  C0NECT f i l e  is  exhausted o r  insuE- 
f i e n t  core  remains to  held the  next  column. The appropr ia te  d i c t iona ry  
f i l e  is  then read and f o r  each en t ry  i t  is determined i f  the des i red  column 
is i n  core f o r  t h i s  pass. I f  i t  is, the  mat r ix  terms a r e  obtained from t h e  
matr ix term f i l e ,  M T ,  and s tored  i n  core. When a l l  d i c t i ona ry  e n t r i e s  a r e  
processed, each column i n  core is  wr i t t en  t o  the  output matr ix wi th  subrout ine 
PAKCaL. Note t h a t  only the  columns with nonzero terms a r e  s to red  i n  core ,  
making i t  necessary t o  pack out  n u l l  columns f o r  the  o thers .  
I f  any non-zero columns remain, i. e. , e n t r i e s  remain in the  CgNECT f i l e ,  
core 5s r ea l loca t ed  and add i t i ona l  passes are made through d ic t ionary  and 
matr ix term f i l e s  t o  bui ld  these  columns. 
The opes core  layout  f o r  t h e  assembly phase is  as follows: 
Column po in t e r  
Storage f o r  matrix columns 
Bun  1 G I N 0  bu f f e r  Al?, DKCG and W T  
BUFl G I N 0  bu f f e r  f o r  CQNECT and xDICT 
Subroutine Name:  PAKC~L 
Entry Point :  PAKCBL 
Next a v a i l a b l e  space 1-1 
I - SIL I 
I 1 matr ix  term 
Purpose: To bu i ld  the  s i n g l e  matr ix columns and pack i t  out  t o  t h e  
output  matrix.  
Cal l ing  Sequence : CALL P A K C ~ L  (REC ,LREC) 
REC - In-core record containing the  SIL's and mat r ix  terms for the  
column 
LREC - Length of t h i s  record 
4-20 
Method: 
1. The e n t r i e s  f o r  each SIL (one SIL and up t o  t h r e e  mat r ix  terms) a r e  
s o r t e d  on t h e  a b s o l u t e  va lue  o f  t h e  SIL. 
2.  I f  any d u p l i c a t e  SIL ' s  e x i s t ,  t h e i r  t e r n s  a r e  added t o g e t h e r .  
3. The i n d i v i d u a l  mat r ix  terms a r e  then  packed t o  t h e  f i l e  us ing  ZBLPKI. 
Subrout ine  Name: BOUND 
Entry  Po in t :  BOUND 
Purpose: To o b t a i n  a r e a  f a c t o r  and s t i f f n e s s  m a t r i c e s  a s  f u n c t i o n  o f  
a r e a  common between s p e c i f i e d  f l u i d  and s t r u c t u r a l  element f a c e s .  
Common Sequence: CALL B~UND(FBREC,AFE,NAFE,KGE,NKGE) 
FBREC(12) - Flu id  boundary record :  
(1) F lu id  element I D  
( 2 )  S t r u c t u r a l  element I D  
(3-b) ( i n t e r n a 1 ) G r i d  nos. f o r  s t r u c t u r a l  element f a c e  
(7 )  Gravi ty  I D  
:8) Pla te r ia l  I D  
(9-12) ( i n t e r n a l )  Grid nos. f o r  f l u i d  element f a c e  
AFE(48) - Area f a c t o r  m a t r i c  s t o r a g e  
NAPE - Number of ( s i n g l e  p r e c i s i o n )  s t o r a g e  l o c a t i o n s  i n  AFE 
re tu rned  by s u b r o u t i n e  B ~ U N D .  
KGE - S t i f f n e s s  mat r ix  s t o r a g e .  
NKGE - Number of ( s i n g l e  p r e c i s i o n )  s t o r a g e  loc,zt ions i n  KGE 
re tu rned  by s u b r o u t i n e  BOUND. 
Method: A f t e r  transEorming c o o r d i n a t e s  of both  element f a c e s  i n t o  
system i n  which x /y  coord ina tes  o f  p o i n t  1 and y  c o o r d i n a t e s  of p o i n t  2  
o f  t h e  f l u i d  element a r e  ze ro ,  t h e  a r e a  comon t o  both  f a c e s  when p r o j e c t e d  
on t h e  x,y p lane  is obta ined by determining t h e  c o o r d i n a t e s  bounding t h i s  
polygon of common a r e a .  The load  d i s t r i b u t i o n  f a c t o r s  and t h e  a r e a  
f a c t o r s  a r e  then c a l c u l a t e d  by i soparamet r ic  i n t e r p o l a t i o n .  A f t e r  any 
r e q u i r e d  g r a v i t a t i o n a l  s t i £  f n e s s  terms have been added t o  t h e  s t i f f n e s s  
m a t r i x ,  both  the  a r e a  f a c t o r  (AFE) and s t i f f n e s s  (KGE) m a t r i c e s  a r e  
transformed t o  g l o b a l  coord ina te  system ( i f  r equ i red)  and t h e  s t i f f n e s s  
mat r ix  is rearranged t o  column s t o r a g e  t o  conform t o  NASTRAN requirements .  
Design ~equirements/Lirni ta t ions:  Ne i the r  element ( f a c e )  may have more 
than f o u r  edges. I f  t h e r e  is no common a r e a ,  User Warning Nessage 8014 is 
p r i n t e d .  I f  an undefined g r a v i t y  I D  is re fe renced ,  User F a t a l  Message 8013 
is  p r i n t e d .  When element geometry is such t h a t  i soparamet r ic  i n t e r p o l a t i o n  
f e i l s ,  h e r  F a t a l  Message 8005 is  p r i n t e d .  
Subrout ine  PTINTR (co inx  o f  -- INTeRsection) 
Entry  Po tn t  : hone 
Purpose: Returns (double p r e c i s i o n )  xy c o o r d i n a t e s  o f  p o i n t  oE i n t e r -  
s e c t i o n  ( i f  any) o f  two l i n e s .  
C a l l i n g  Sequence: CALL PTINTR(A,AA,B,BB,S,K,EPS) 
A(2),AA(2) - xy coord ina tes  o f  end p o i n t s  of l i n e  segments A and AA, 
B ( 2 )  ,BE(?) and B and BB ( r e a l ,  double p r e c i s i o n )  
s ( 2 )  - xy c o o r d i n a t e s  ( re tu rned)  of p o i n t  of i n t e r s e c t i o n  of 
l i n e  segments AAA and EBB; S = (0,O) i f  no p o i n t  o f  
i n t e r s e c t i o n  ( r a a l ,  double p r e c i s i o n ) .  
K - Condition f l a g  ( i n t e g e r )  r e t u r n e d  ( s i n g l e  p r e c i s i o n ) :  
= 1, p o i n t  o f  i n t e r s e c t i o n  is S 
= 0 ,  p o i n t  o f  i n t e r s e c t i o n  is S ,  an  end p o i n t  o f  
one of t h e  l i n e s  
= -1, no p o i n t  o f  i c t e r s e c t i o n  
EPS (2) - C a l c u l a t i o n  s i g n i f i c a n c e  t o l e r a n c e  ( r e a l ,  double 
p r e c i s i o n ) :  EPS(1) f o r  a r e a ,  ang le  c a l c u l a t i o n s ;  EPS(2) 
f o r  l e n g t h  c a l c u l a t i o n s .  
Method: K 2 0 r e t u r n e d  on ly  when p o i n t  of i n t e r s e c t i o n ,  S,  e x i s t s ;  e.g.,  
non-para l l e l  l i n e  segments do i n t e r s e c t  a t  S  o r  segments o f  same p a r a l l e l  
l i n e  have some segment i n  common ( o r  a r e  w i t h i n  €2 of each o t h e r ) .  K = 0 
is re tu rned  when d i s t a n c e  between S anci any end p o i n t  of AAA o r  BBB i s  < €2. 
Design Requirements* A l l  l . ines a r e  de f ined  i n  two dimensions on ly ;  i .e. ,  
on ly  (x,y) v a l u e s  are considered;  a l l  r e a l  v a r i a b l e s  supp l ied  t o  and r e t u r n e d  
from PTINTR, a s  w e l l  as a l l  i n t e r n a l  c a l c u l a t i o n s ,  a r e  double p r e c i s f o n .  
Subrout ine  L ~ C P T  (LOCate - poinx) 
Entry Po in t :  None 
F'urpose: Determines l o c a t i o n  of each of Y p o i n t s ,  P ,  r e l a t i v e  t o  s u r f a c e  
bounded by M p o i n t s ,  S. 
Cal l i ng  Sequence: CALL LQCPT(N,P,M,S,K,KS,EPS,L~C) 
N - Number ( 5  L )  of po in t s  t a  l oca t e  ( in teger )  
P(3,4) - Coordinates of po in t s  t o  l oca t e  ( r e a l ,  double prec is ion)  
m - Number of po in t s  (5 4) descr ib ing  boundary of sur face .  
S ( 3 , 4 )  - Coordinates of  su r f ace  bounding po in t s  ( r e a l ,  double 
prec is ion)  
K(2,4) - Ind tces  (within S) c f  end poLnt of sur face  ddges 
KS(3) - Unit vector  normal t o  sur face  ( r e a l ,  double prec is ion)  
EPS(2) - Calculat ion s ign i f i cance  to le rance  ( r e a l ,  double p r e c i s l o r ) :  
EPS(1) f o r  a r ea ,  angie  cn lcu la t ion ;  EPS(2) f o r  l ength  
c a i c u l a t  ions.  
LflC(4) - Location ind i ca t ion  f o r  each poin t  t e s t ed  ( i n t q e r ) :  
= 1, poin t  i n s i d e  sur face  boundary 
0, poin t  on sur face  boundary 
= -1, poin t  ou t s ide  sur face  boundary 
Method: W, t h e  vec tor  from lead ing  end point  of dach sur face  edge t o  
po in t  t o  l o c a t e  is tes ted  aga ins t  t he  vec tor  a long sur face  edge. 
The poin t  is  wi th in  su r f ace  boundary ( L ~ c  = 1 )  when i t  i s  not  'ou ts ide '  
any edge o r  'on' any edge. 
The poin t  is on a sur face  edge (L6C = 0) when: 
IW s EZ 
The poin t  is  ou t s ide  a sur face  edge (L0C r -1) when: 
(VE x VP) k < -el o r  
Design ~equirernents /Limits  : A l l  r e a l  arguments and computations a r e  
double prec is ion .  Not more than four  po in t s  may be posi t ioned r e l a t i v e  
t o  a sur face  with not  more than four  edges (boundeu by not  more than 
four  pa in t s ) .  
Subrout ine  PbLYPT 
Entry  Po in t s :  None 
Purpose: Determine c o o r d i n a t e s  o f  p o i n t s  d e s c r i b i n g  t h e  polygon of  a r e a  
common t o  a t r i a n g l e  ( s t r u c t u r a l  element)  and ano ther  f i g u r e  ( f l u i d  element) 
o f  t h r e e  o r  f o u r  s i d e s .  
C a l l i n g  Sequence : CALL P@LYFT (L@cT@F, STEDGE ,TR,NGRIDF ,FLEDGE,= ,L@CF@S, 
EPS , N P ~ L Y  ,P) 
L@CT@F(3) - I n d i c a t i o n  of p o s i t i o n  of t r i a n g l e  p o i n t  r e l a t i v e  t o  
o t h e r  f i g u r e  ( s e e  Subrout ine  LQcPT) ( i n t e g e r ) .  
STEDGE(2,3) - Ind ices  o f  end p o i n t s  of t r i a n g l e  edges  ( i n  a r r a y  TR) 
( In teger ) .  
TR(3,3) - Rectangular c o o r d i n a t e s  o f  s t r u c t u r a l  element ( r e a l ,  
double p r e c i s i o n ) .  
NGRIDF - Number of p o b t s  f o r  f l u i d  element ( i n t e g e r ) .  
FLEDGE(2,4) - I n d i c e s  ( i n  a r r a y  FL) o f  endpoin t s  of f l u i d  element 
edges ( i n t e g e r ) .  
FL(3,4) - Rectangular coord ina tes  of f l u i d  element p o i n t s  ( r e a l ,  
double p r e c i s i o n ) .  
L@CF@S(4) - I n d i c a t i o n  o f  p o s i t i o n  o f  f l u i d  p o i n t s  r e l a t i v e  t o  
s t r u c t u r a l  element ( i n t e g e r ) .  
EPS (2) - C a l c u l a t i o n  s i g n i f i c a n c e  t o l e r a n c e  ( r e a l ,  double pre- 
c i s i o n ) :  EPS(1) f o r  a r e a ,  a n g l e  c a l c u l a t i o n ;  EPS(2) f o r  
l e n g t h  c a l c u l a t i m s .  
NPbLY - Number of p o i n t s  (I 7) found t o  d e s c r i b e  polygon of 
common a r e a  ( i n t e g e r )  . 
p(2,7) - x ,y  c o c r d i n a t e s  o f  p o i n t s  d e s c r i b i n g  polygon of  
common d r e a  ( r e a l ,  double p r e c i s i o n ) .  
e thod:  S t a r t i n g  w i t h  f i r s t  t r i a n g l e  edge,  s u c c e s s i v e  p o i n t s  o f  i n t e r -  
s e c t i o n  o f  ( s t r u c t u r a l )  t r i a n g l e  edges and f l u i d  element edges  a r e  
ob ta ined  (by Subrout ine  PTTNTR). 
Design Requirements/~imitations: A l l  r e a l  arguments and computations 
a r e  double p r e c i s i o n .  
Function DAP0LY (Double - Prec is ion  Area of a Pfl~Ygon) 
Entry Poin ts :  None 
Purpose: Obtain a r e a  of a polygon. 
Cal l ing  Sequence: A = DAP0LY (N,P) 
N _< 10 - Number of po in t s  descr ib ing  polygon ( in teger ,  s i n g l e  
prec is ion) .  
P(2,N) - x,y coordinates  of po in t s  descr ib ing  polygon (real., 
double precis ion) .  
Met hod : 
Contr ibut ion from s i d e  whose endpoints are Pi, " is: 3 
A = 112 I ( y i + y j )  * ( x i - x . ) l  il J 
Design Considerations: 
1. Polygon must no t  have more than 10  s ides .  
2. A l l  r e a l  arguments and i n t e r n a l  computations are double precis ion.  
Function DVlYAG (Double - Prec is ion  - Vector - MAGnitude) 
Entry Poin ts :  None 
Purpose: Obtains magnitude of a  vec tor .  
Ca l l ing  Sequence: X = DVMAG(V,EPS) 
V(3) - i , j , k  c o e f f i c i e n t s  of vec tor ,  V 1  ( r e a l ,  double prec is ion)  
EPS - Calculat ion s ign i f i cance  to le rance  ( r e a l ,  double prec is ion) :  
EPS(1) f o r  a r e a ,  angle  ca l cu l a t i on ;  EPS(2) f o r  l ength  
ca l cu l a t i ons .  
Method : 
A = V * V  
DVMAG = J-li\ i f  A > E > 0 
= 0 i f A I €  
Design Requirements: A l l  r e a l  arguments and i n t e r n a l  computations a r e  
double prec is ion .  
Subroutine DCR~SS (Double - prec is ion  -- CRdSS product) 
Entry Poin t :  DNdRM 
Purpose: Obtain cross-product of  two vec tors .  
Cal l ing Sequence: CALL DCRdSS(X,Y,Z) 
- - -  
X(3) ,Y(3) ,Z(3) - i, j ,k c o e f f i c i e n t s  of vec to r s  X,Y ,Z. 
- 
Method: Z = X x ? 
Design Considerations: A l l  arguments and i n t e r n a l  computations a r e  
double prec is ion .  
Subroutine DNGRM (Double - prec i s ion  N0lG"lalization of a vec to r  quan t i t y )  
Entry Point :  DCKgSS 
Purpose: Normalize a vec tor  t o  i t s  magnitude. 
Ca l l i ng  Sequence : CfiL DN@RM(X ,MAG) 
X(3) - i, j ,k c o e f f i c i e n t s  of  vec to r  ( r e a l ,  double prec is ion) .  
MAG - Magnitude of vec to r  X ( r e a l ,  double p rec i s ion ) .  
Method : 
MAG = A, A > O  
- x. x. xk x = 1 9  J,- 
MAG MAG MAG 
Design Considerations: 
1. DN0RM r e tu rns  un-normalized vec to r  quant i ty ,  X, when A 5 0. 
2. A l l  arguments and i n t e r n a l  computations a r e  double prec is ion .  
Diagnostic Message 
Messages 8000 through 8014 may be  issued by t h i s  module. 
4.3 F'UNCTTONAL NODULE GFSNA (GENERAL FLUID/STRUCTURE MATRIX ASSEMBLER) 
Entry Poin t :  GFSMA 
Purpose 
To assemble t h e  s t i f f n e s s ,  mass and pressure  t ransformation ma t r i ce s  i n  
a hydroe l a s t i c  ana lys i s .  
DMAP Cal l ing  Sequence 
Input  Data Blocks 
AXY - St ruc tu re / f l u id  area matrix 
AFRY - Free  su r f ace  a r ea  mat r ix  
KYY - Flu id  s t i f f n e s s  matr ix  
DKAA - St ruc tu re  g rav i ty  s t i f f n e s s  matrix 
DKFRFR - Free su r f ace  g rav i ty  s t i f f n e s s  mat r ix  
KAA - Reduced s t r u c t u r e  s t i f f n e s s  mat r ix  
MAA - Reduced s t r u c t u r e  mass matr ix  
GM - Mult ipoint  cons t r a in t  t ransformation mat r ix  Di rec t  only 
GQ - O m i t  po in t  t ransformation matr ix  
USET - St ruc tu re  only set d e f i n i t i o n  t a b l e  
USETF - Flu id  and s t r u c t u r e  set d e f i n i t i o n  t a b l e  
PHIA - Solu t ion  eigenvectors ,  A - s e t  
PHIX - Solu t ion  eigenvectors ,  X-set Modal only 
t 
LAMA - Solu t ion  eigenvalue t a b l e  I 
Notes 
1. AFRY and DKFRFR may be purged i f  no f r e e  su r f ace  po in t s  e x i s t .  
2. DKFRFR and D W  may be purged i f  no g r a v i t y  exists.  
3.  C3l may be purged i f  no mult ipoint  c o n s t r a i n t s  e x i s t .  
4. a may be purged i f  no omit po in t s  e x i s t .  
5 .  PHIA, PHIX, and LAMA may be purged i f  t he  d i r e c t  formulation is  used. 
6. KAA, MAA, GM, G0, and USET may be purged i f  t he  modal formulation is  used. 
Cutput Data Blocks 
- 
nlAT - Combinacim fluid/structure stiffness matrix 
MMAT - Combination fluid/structure mass matrix 
GIA - Pressure transformation matrix 
P0UT - Partitioning vector for the modal displacements 
HC - Constraint transformation matrix for incompressible calculations. 
Notes 
- 
L. PQUT will be purged if the direct formulation is used. 
2. HC will be purged if the inconpr?-sible calculati~ns are not used. 
Panmeters 
---
NgGKAV - Input - integer - no default. Flag which specifies whether 
gravity effects are present (-1 no gravity). 
NOFREE - Input - integer - no default. Flag which specifies whether 
free surface exists (-1 implies no free surface). 
KC0FP - Input - real - default = 1.0. Compressibility factor. 
CONPTYP- Input - integer - default = -1. Type of conprdssibility 
calculation to be used: 
-1 = structure and free surface are coupled with a spring 
to resist volume change 
+1 = incompressible - constraint equation is generated to 
restrict volume change 
FdRM - Input - integer - default = 01. Type of formulation to be used: 
-1 = direct formulation 
+1 = modal formulation 
LMODES - Input - integer - default = -1. Number of structure modes to 
be used in the modal formulation (-1 indicates all available 
modes are used). 
Method 
Subroutine GFSMA is a small driver which calls the following routines 
based on the input parameters: 
1. GFSDIR - assembles the combined stiffness and mass matrices using 
the direct formulation. 
2. GFSM~D - assembles the combined stiffness and mass matrices using 
the modal formulation. 
Subroutines 
Subroutine Name: GFSDIR 
Entry Point: GFSDIR 
Purpose: To assemble the fluid matrices using the direct formulation 
method. 
Calling Sequence: CALL GFSDIR 
Met hod : 
1. The structure/fluid area matrix is reduced to a set using the following 
steps. 
If MPC's are present, the MPC points are partitioned out. 
If SPC's are present, the SPC points are partitioned out. 
If omits are present: 
Subroutines GFSPTN, SSG2B, and CALCV are utilized to perform these 
calculations. 
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2. I f  f r e e  s u r f a c e  p o i n t s  e x i s t ,  they a r e  merged wi th  t h e  reduced a r e a  
m a t r i x  us ing  subrou t ine  GFSMRG. 
3. If SPC p o i n t s  e x i s t  on t h e  f l u i d  they are p a r t i t i o n e d  o u t  frorn t h e  a r e a  
and f l u i d  s t i f f n e s s  m a t r i c e s  
and t h i s  m a t r i x  is  t ransposed us ing  subrou t ine  GFSTRN. 
4 .  If no SPC p o i n t s  e x i s t  on t h e  f l u i d ,  t h e  f i r s t  f l u i d  p o i n t  is reduced o u t  
t o  remove p o t e n t i a l  s i n g u l a r i t i e s .  
g e n e r a t e  [HI (N (Y -1) by N t r ans format ion)  us ing  s u b r o u t i n e  GFSH. Y 
For C0MPTYP < 0,  t h e  c o m p r e s s i b i l i t y  f a c t o r  is  then genera ted  u s i n g  
s u b r o u t i n e  GFSC0H. This  m a t r i x  c o n t a i n s  t h e  s p r i n g  used t o  restrict 
volume change. 
Inc) - [A~III) 
[Kc] - KCdMP {A,, 1 Acj 
For C0MPTYP > 0 a constraint eauation is generated to restrict 
volume change. Subroutine GFSHC perfoms these calculations. 
[HI 11) 
The largest row in A,,m, is then chosen. The mth row of matrix Hc 
is null and all other columns, i, have a 1.0 on the diagonal and 
-ACi/Acm in row m. 
5 .  The pressure transformation matrix is then found by solving the 
following equation: 
Matrix utilities FACTdR and SSG3A are used to perform this solution. 
6. If gravity exists, the additional stiffness is added in 
otherwise, 
7. The free surface stiffness is then merged in with subroutine GFSMRG 
if it exists. 
8. The comhined s t i f f n e s s  and mass matr ices  a r e  computed. 
I f  no SPCts ex is ted  on the  f l u i d  f o r  C@XPTYP < 0 
f o r  CaMPTYP > 0 
a 1.0 is  then added t o  row m column m of [>IT] using subroutine GFSMT. 
and [Kww] i s  w r i t t e n  on d a t a  block W T  and [Mw] is w r i t t e n  on d a t a  
block MMAT. 
9 .  The f i n a l  pressure transformation matrix is  crea ted  by expanding the j 
s i z e  matrix t o  y s i z e  and then removing free sur face  points .  
I f  no SPC's e x i s t  on the  f luid,  
otherwise merge zeros i n ,  
f i n a l l y  p a r t i t i o n  o u t  t h e  f r e e  s u r f a c e  
[Giw] is  then w r i t t e n  on d a t a  block GIA. 
Subrout ine  Name: GFSMPD 
Ent ry  Po in t :  GFSMBD 
Purpose: To assemble t h e  f l u i d  m a t r i c e s  us ing  t h e  modal formulat ion 
m e t  hod. 
C a l l i n g  Sequence: CALL GFSMdD 
1. A dummy u s e t  v e c t o r ,  USETD, is c r e a t e d  which c o n t a i n s  t h e  fo l lowing  
b i t  2 o s i t i o n s  : 
U, - modal point, UA + UNZ 
Ug - d e s i r e d  modal p o i n t  (based on LYdDES parameter)  
Uric - modal p o i n t  t o  be skipped 
U f r  - f r e e  s u r f a c e  p o i n t  
Uh - Ufr + ''5 
F i l e s  PHIX and USETF and parameter LMgDES a r e  used t o  s e t  t h e s e  b i t s .  
2. The d e s i r e d  modes a r e  p a r t i t i o n e d  from t h e  PHIX m a t r i x  u s i n g  t h e  
USETD v e c t o r .  
3. The a r e a  m a t r i x  is then t rans fwmed.  
4 .  I f  t h e  f r e e  s u r f a c e  p o i n t s  e x i s t ,  they a r e  merged i n  u s i n g  s u b r o u t i n e  
GFSMRG. 
5. If SPC points exist on the fluid they are partitioned out from the 
area and fluid stiffness matrix. 
and this matrix is transposed using subroutine GFSTRN. 
6. If no SPC points exist on the fluid, the first fluid point is reduced 
out to remove potential singularities. 
The [Hj matrix is then generated using subroutine GFSM. (N(y_l) by 
N transformation) 
Y 
The compressibility matrix which contains the spring is generated to 
restrict volume change. 
7 .  The p r e s s u r e  t r ans form mat r ix  is  then found by s o l v i n g  t h e  fo l lowing  
equat ion:  
Matr ix  u t i l i t i e s  FAcT~R and SSG3A a r e  used t o  perform t h i s  
s o l u t i o n .  
8. The g e n e r a l i z e d  s t i f f n e s s  and mass terms a r e  t b ?  e x t r a c t e d  from 
t h e  LAMA d a t a  block t o  form t h e  d iagona l  modal mass and s t i f f n e s s  
m a t r i c e s .  
9. I f  f r e e  s u r f a c e  p o i n t s  e x i s t ,  t h e  modal mass m a t r i x  is  expanded and 
t h e  f i n a l  mass mat r ix  i s  formed. 
["a{] =+ 
(h = modes + f r e e  s n r f a c e )  
and [Hhh] i s  w r i t t e n  on d a t a  block MMAT. 
10. I f  g r a v t i y  e x i s t s ,  t h e  a d d i t i o n a l  s t i f f n e s s  is t ransformed and added i n .  
otherwise 
11. The f r e e  sur face  s t i f f n e s s  is  then merged i n  i f  i t  e x i s t s .  
12. The f i n a l  s t i f f n e s s  mat r ix  is  then cmpuced by adding i n  t he  
compress ib i l i ty  term i f  i t  e x i s t s .  
I f  no SPC's ex i s t ed  m the  f l u i d  
otherwise 
and i s  wr i t t en  on d a t a  block KMAT. 
13. The f i n a l  p ressure  t ransformation matr ix  i s  crea ted  by expanding 
the j s i z e  t o  h and then removing t h e  f r e e  s u r f a c e  po in ts .  
I f  no SPC's e x i s t  on the  f l u i d ,  
otherwise zeros  a r e  merged i n .  
F ina l ly  t he  free sur face  is  removed. 
[Cih] is  wr i t t en  on da t a  block GIA. 
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Subrout ine  Name: GFSSPC 
Entry  P o i n t :  CBSSPC ( i n  GFSUTL) 
Purpose:  To c a l c u l a t e  a p a r t i t i o n i n 3  v e c t o r  t o  remove t h e  f i r s t  row 
and c o l u m s  of t h e  f l u i d  s t i f f n e s s  m a t r i x  i f  no SPC's are provided.  
C a l l i n g  Sequence : CALL GFSSPC (NUY , PVEC) 
NUY - S i z e  of  f l u i d  s t i f f n e s s  m a t r i x  
PVEC - Gino f i l e  number of  p a r t i t i o n i n g  v e c t o r  
Subrou t ine  Name : GFSCgN 
Ent ry  P o i n t  : GFSCdH ( i n  GFSUTL) 
Purpose: To compute t h e  f l u i i  c o r r p r s u i b i l i t y  m a t r i x  fo:: t h e  -as? 
where no SPC's e x i s t  on t h e  f l u i d .  T h i s  m a t r i x  c o n t a i n s  t h e  spr 'ng  
f a c t o r s  t h a t  couple  t h e  f r e e  s u r f a c e  and t h e  s t r u c t u r e  p o i n t s  t o  r e s i s t  
volume changes. 
C a l l i n g  Sequence: CALL GFSCQM(AWY,NIR,KC,~DENT,AC,SCR) 
AWY - Gino f i l e  number of Lhe AWY m a t r i x ,  d i r e c t  fo rmula t ion ,  o r  
AMY m a t r i x ,  modal fo rmula t ion  
NUY - S i z e  o f  f l u i d  m a t r i c e s  
KC - Gino f i i e  number of t h e  c o m p r e s s i b i l i t y  m a t r i x  t o  be 
c a l c u l a t e d  
IDENT - C'no f i l e  number of  a s c r a t c h  f i l e  
AC - Gino f i l e  number o f  a s c r a t c h  f i l e  
SCR - Gino f.!le n m b e r  of  a s c r a t c h  f i l e  
Method: See S t e p  4 un.3er s u b r o u t i n e  GFSDIR f o r  t h e  c a l c i l l a t i o n s  used 
t o  g e n e r a t e  KC. 
S - ~ b r o u t  i n e  Name : GFSH 
Ent ry  Po in t :  GFSH ( i n  GFSUTL) 
Purpose: To c a l c u l a t e  t h e  H t r a n s f o r n a t i o n  m a t r i x  w e d  when t h e  f i r s t  
row and column o f  t h e  f l u i d  s t i f f n e s s  m a t r i x  is  removed. 
C a l l i n g  Sequence: CALL GFS:I(NIlY,H) 
NUY - S i z e  of f l u i d  s t i f f n e s s  mat r ix  
H - Gino f i l e  number f o r  H mat r ix  
Method: See Step 4 under subrou t ine  GFSDIR f o r  t h e  c a l c u l a t i o n s  used 
t o  genera te  H. 
Subrout ine  Name:  GFSHC 
Ent ry  Po in t :  GFSHC ( i n  GFSUTL) 
Purpose: To genera te  t h e  c o n s t r a i n t  t r ans format ion  m a t r i x  f o r  t h e  pure  
incompress ible  c a l c u l a t i o n s  when reques ted  by t h e  u s e r .  These c o n s t r a i n t s  
w i l l  r e s t r i c t  any v c h a e  changes by t h e  f l u i d .  
Calling Sequence : CALL GFSHC (MY ,NUY ,HC ,IDENT ,AC ,M..@W) 
AWY - Gino f i l e  number o f  t h e  ilWY m a t r i x  
NW - S i z e  of f l u i d  s t i f f n e s s  m a t r i x  
HC - Gino f i l e  number of t h e  HC mat r ix  
IDENT - Gino f i l e  number o f  a s c r a t c h  mat r ix  
AC - Gino f i l e  number of a s c r a t c h  mat r ix  
MR@W - Row number of t h e  l a r g e s t  term i n  t h e  c a l c u l a t e d  AC m a t r i x  
Method: See Step 4 under s u b r o u t i n e  GFSDIR f o r  t h e  c a l c u l a t i o n s  used t o  
genera te  HC. 
Subrout ine  Name: GFSMT 
Entry  Po in t :  GFSMT ( i n  C-FSUTL) 
Purpose: To add a 1.0  v a l u e  t o  t h e  n u l l  row and column of  t h e  f l u i d  
s t r u c t u r e  mass mat r ix  t o  prevent  s i n g u l a r i t i e s .  The r o u t i n e  is on ly  used 
when t h e  incompress ible  c a l c u l a t i o n s  a r e  reques ted .  
C a l l i n g  Sequence: CALL GFSMT(MT,MMAT,MR@W) 
MT - Gino f i l e  number o f  t h e  i n p u t  mass mat r ix  
MMAT - Gino f i l e  number of t h e  f i n a l  mass mat r ix  
MR@W - Null  rcw and column number. Output from s u b r o u t i n e  GFSHC. 
Method: Subrout ine  CPYSTR is used t o  copy each column up t o  column HK$W 
from mat r ix  MT t o  MHAT. A 1.0 is then packed i n  mat r ix  MMAT i n  row 
p o s i t i o n  M R ~ W  using suorou t ine  ZBLPKI. The remainder of matrix MT is 
then copied t o  MMAT us ine  subrou t ine  CPYFIL. 
S u b r o u t i n e  Name : GFSPTN 
E n t r y  Point.  : GFSPTN 
Purpose:  Gene ra l  purpose  p a r t i t i o n  r o u t i n e  t o  per form t h e  f o l l o w i n g  
p a r t i t i o n :  
C a l l i n g  Sequence : CALL GFSPTN(A,All ,A21 ,A12  ,A22 ,WART,CPARY) 
A - Gino f i l e  number o f  m a t r i x  t o  be p a r t i t i o n e d  
- Gino f i l e :  numbers o f  o u t p u t  m a t r i c e s .  Any o f  t h e s e  may be A 1  2 
A2 2 1 z e r o  i f  t h a t  p a r t i t i o n  is  n o t  d e s i r e d .  
WART - A p a r t i t i o n i n g  v e c t o r  whose l e n g t h  is t h e  s i z e  of a row i n  
A. It  i s  used to  p a r t i t i o n  t h e  columns o f  A and may be z e r o  
i f  A12 and A22 do n o t  e s i s t .  
CPART - A p a r t i t i o n i n g  v e c t o r  whose l e n g t h  is t h e  s i z e  of a column i n  
A. I t  is  used to p a r t i t i o n  t h e  rows o f  A and may be z e r o  i f  
A 2 1  and 1\22 d o  n o t  esist.  
Method: The i n p u t  arguments are used  t o  i n i t i a l i z e  common b l o c k  /P~uL\IEG/ 
and s u b r o u t i n e  PAKTN is  c a l l e d  t o  per form t h e  a c t u a l  p a r t i t i o n  o p e r a t i o n .  
S u b r o u t i n e  Name: GFSMRG 
E n t r y  P o i n t :  GFSMRG 
Purpcjse: Gene ra l  purpose  merge r o u t i n e  t o  per form t h e  f o l l o w i n g  merge: 
C a l l  i n g  Sequencc : Cfi , I ,  CFSPIRG (A , A 1 1  ,A21 ,N2 ,A22 ,WART ,CPART) 
Argument v a l u e s  arc! t h e  same a s  t h o s e  d i s c u s s e d  unde r  s r lb rou t ine  
CFSPTN. 
Method: The input  ?arameters a r e  used t o  i n i t i a l i z e  common block /PAPEG/ 
and subrout ine MERGE is c a l l e d  t -erform the  a c t u a l  merge operat ion.  
Subroutine Nane: GFSTRN 
Entry Point :  GFSTRN 
Purpose: To t ranspose a  matr ix .  
Ca l l ing  Sequence: CALL GFSTRN(A,AT,I,SCR) 
A - Gino f i l e  number of matrix t o  be transposed 
AT - Gino f i l e  number of  t he  t ranspose 
I - Gino f i l e  number of a s c r a t c h  f i l e  
SCR - Gino f i l e  number of a s c r a t c h  f i l e  
Method: Subroutine SSG2B is  used t o  f i nd  t he  t ranspose by so lv ing  the  
following equation: 
where I is  an i d e n t i t y  matrix.  
This  procedure is  more e f f i c i e n t  a t  f ind ing  the  t ranspose then subrout ine 
T R W l  when ma2rix A is  sparse .  
Subroutine Name: GFSWCH 
Entry Point :  GFSWCX 
Purpose: To switch t h e  u n i t s  on which two f i l e s  r e s ide .  
Ca l l ing  Sequence: CALL GFSWCH(FILEl,FILE2) 
Gino f i l e  numbers of f i l e s  t o  be switched. FILE2 t 
Method: The switch is performed by updating t h e  FIST and FIAT t o  po in t  
t o  t he  new f i l e s .  A check is made t o  ensure t h a t  any s tacked d a t a  blocks 
i n  t he  FIAT a r e  a l s o  changed t o  r e f l e c t  t he  switch. 
Diagnostic Messages 
A number of messages produced by the  matr ix  u t i l i t i e s  can be issued by 
t h i s  module. 
Name: TRAILER 
Purpose 
To examine o r  modify t h e  t r a i l e r  of a G I N 0  da t a  block. 
DNA2 Cal l ing  Sequence 
TRAILER A//C,N,opt/C ,~ ,word /5  ,N,  i a l u e  $ 
I n p u t  Data Blocks 
A - Data block f o r  which t h e  trailer is  des i red  
Output Data Blocks: None 
Parameters 
1. opt is a  3 C D  opera t ion  code from the  l i s t  below. ( input ,  no de fau l t )  
RETURN - The value of t he  spec i f i ed  t r a i l e r  word is t o  be returned 
S T ~ R E  - The value of t he  spec i f i ed  t r a i l e r  word is t o  be  changed 
2. word is an in t ege r  va lue  which s p e c i f i e s  t he  p a r t i c u l a r  t r a i l e r  word 
t o  be operated on. The value of t h i s  parameter must be 1 i word 2 6 .  
( input ,  no de fau l t )  
3. value is  an in t ege r  parameter which w i l l  contain t h e  value of s p e c i f i e d  
t r a i l e r  word, opt=RETURN, o r  contains  t9e value t o  be s to red  i n  the  
t r a i l e r ,  opt=ST@RE. I f  spec i f i ed ,  the  range must be 0 S va lue  I 65535. 
( input ,  no d e f a u l t )  
Remarks 
1. For matr ix  d a t a  blocks,  t he  t r a i l e r  pos i t ions  contain:  
WORD 1 - Number of columns 
WORD 2 - Number of rows 
WORD 3 - F h t r i x  form 
WORD 4 - Type of mat r ix  elements 
WORD 5 - Haximum number of non-zero words i n  any one column 
WORD 6 - Matrix dens i ty  x lo4  
2 .  If t h e  data block i s  purged, the  parameter value will be returned 
aega t i v e  . 
TRAILER M ~ / / C , Y , S T @ R E / C , Y  , ~ / c , Y  ,1 $ 
4 .5  DMAP EXECUTIVE OPERATION PIODULE CONP0N 
Name : C ~ N D ~ N  (compilation on) 
-
Purpose 
To allow blocks of DHAP statements  t o  be compiled o r  skipped depending 
on bulk d a t a  paraae ter  value. 
DNAP Cal l ing  Sequence 
c0MPQN n ,param $ 
c@lP@N c ,param $ 
where : 
1. n is a BCD name of a l a b e l  which s p e c i f i e s  the end of t he  DMAP 
statement block. 
2. c is an in t ege r  constant  which s p e c i f i e s  the  number of DMAP statements  
i n  t h e  block. 
3. param is the name of parameter t ha t  appears on a PARAM bulk d a t a  card. 
Example 
C@MP@N END,Pl $ 
 MODULE^ A/B/V,Y ,PN s 
MODULEN A/B/V,Y,PN $ 
LABEL END $ 
Remarks 
1. The block of DMAP s tatements  spec i f ied  by the l a b e l  o r  count is  
sklpped i f  the  valu2 of p a r m e t e r  is f a l s e  (param 2 0 ) .  If  the 
parameter value is  t rue  (param C O ) ,  the block of DMAP statements  
w i l l  be compiled. 
2. I f  no PARAM bulk da t a  card i s  provided, a value of f a l s e  is assumed. 
3 .  If the form of C@?P@N specifying a label is used, the label may not 
be specified by any other DNAP instructions including other C@MP@N or 
c@.IP@FF instructions. 
4. Comment cards are not included in the statement count. 
5 .  C@M.P@N and C@MP$FF instructions may be nested up to five levels using 
the same rules as for a F ~ R T R A N  Do loop. 
4.6  D3W EXECUTIVE OPERATION MODULE c@MP@FF 
Name : c ~ M P ~ F F  (compilation off) 
-
Purpose 
To allow blocks of DIW st~tements to be compiled or skipped depending 
on a bulk data parameter value. 
DMAP Calling Sequence 
C0MP0FF n,param $ 
C$MP@FF c,param $ 
where : 
1. n is a BCD name of a label which specifies the end of the D M P  
statement block. 
2. c is an integer constant which specifies the number of DMAP 
statements in the block. 
3. param is the name of parameter that appears on a PARAM bulk data 
card. 
Example 
LABEL END $ 
Remarks 
1. The block of Dm9 statements specified by the label or count is 
skipped if the value of the parameter is true (param < 0). If the 
parameter value is false (param 2 O ) ,  the block of DMAP statements 
will be compiled. 
2. I f  no PARAM bulk d a t a  ca rd  is  provided,  a v a l u e  of f a l s e  is assumed. 
3. I f  t h e  form of  C ~ ~ I P ~ F F  s p e c i f y i n g  a l a b e l  is used, t h e  l a b e l  may no t  
be s p e c i f i e d  by any o t h e r  DMAP i n s t r u c t i o n s  inc lud ing  o t h e r  C ~ M P ~ N  
o r  CQMP~FF i n s t r u c t i o n s .  
4. Comment c a r d s  are n o t  included i n  t h e  s ta tement  count.  
5 .  C@MPdN and CdMP0FF i n s t r u c t i o n s  may be nes ted  up t o  f i v e  l e v e l s  
us ing  t h e  same r u l e s  as f o r  a F~~RTRAN D 0  loop.  
4.7 MODIFICATIONS TO EXISTING NASTRAN SUBROUTINES 
Changes t o  t h e  s tandard Level 16 were required t o  perform t h e  following 
opera t ions  : 
1. The three-dimensional f l u i d  elements a r e  connected t o  s p e c i a l  f l u i d  
g r i d  po in t s  wi th  one degree of  freedom. Implementing these  elements 
requi red  changes t o  t h e  IFP, GP1, TAl, PLgT, and EMG modules. The 
f l u i d  m a t e r i a l  d e f i n i t i o n  required changes t o  t h e  PREMAT u t i l i t y  
oubrout i n e  . 
2. Generating p l o t s  of t h e  f r e e  su r f ace  displacements requi red  changes 
t o  t h e  SDR2 module t o  convert  s c a l a r  displacements t o  v e c t o r s  normal 
t o  t h e  f r e e  su-face.  
3. The two-step eigenvalue processing i n  t h e  modal formulation required 
changes t o  t he  CASE module t o  process  s epa ra t e  subcases f o r  eigenvalue 
methods. 
4. The 'GIVENS' op t ton  f o r  eigenvalue ex t r ac t i on  i n  t he  READ module was 
modified t o  provide more e f f i c i e n t  processing and to  c o r r e c t  f o r  
e x i s t i n g  e r r o r s .  Spec i f i ca l l y ,  t he  double prec is ion  opera t ions  were 
cor rec ted  t o  provide cons i s t en t  ca l cu l a t i ons  and the  ' s p i l l  l o g i c '  
i n  t he  t r id iagonal izar j -on  procedure was completely recoded t o  
e l imina te  unnecessary core t r a n s f e r s  and 110 opera t ions .  
FKKT1O;iAL IIODULE CASE (SIPiPLIFY CASE CO?ITROL) 
'4.56 FUICTIOWL MODULE C1JE (SIMPLIFY CASE COIITROL) 
4.56.1 Entry Point :  CASE 
4.56.2 Purpose 
To remove loop! n3 considarations from l a t e r  dynamics m d u l  es. 
4.56.3 DtLAP Ca l l  I ng Sequence 
CASE CFISECC,PSDL/CASEXX/C,rl,APPRQACH/V,N,REPEAT/V,N,LQBP 5 
4.56.4 Inpu t  Data Blocks 
CASECC - Case Control Data Table. 
PSDL - Power Spactral Density L i s t .  
Note: PSDL i s  used on ly  i f  AP?RBACH = FREQRESP and Random Analysis i s  s e l e c t e d i n  CASECC. 
-
4.56.5 Outp~t Data Blocks 
CASEXX - Case Control data t ab le  f o r  dynrmlcs problems. 
m: CASEXX cannot be pur! ' 
4.56.6 Parameters 
APPRBACH - Input-BCD-no defaul t .  Defines the  approach t o  be used fo r  loop ing 
c r i t e r i a .  
BCD Value 
STAT I CS 
REIGEN 
E13XE 
DIRECT INPUT HATRICES OR TRANSFER FUNCTIOllS 
TRAYRESP L0 ADS 
NgNE 
DIRECT INPUT KATRICES OR TMNSFER FUNCTIONS 
BCD Value L0QP 
-
PLA NflFlE 
REPEAT - Input  and output- inteser-set  equal t o  zero outsfde o f  the DNAP loo,; by the PARAH 
module. -1 i f  KO addi t i e v i l  loops; + loop cou r t  i f  loops. 
LBPP - Output-integer-defaul t -1. -1 if t h i s  i s  no t  a looping problem, 0 i f  t h t s  
i s  a loop ing p rob lm .  
4.56.7 Method 
The method o f  opera t icn  depends upon the  i n p u t  pa;-ameter APPR!ilrZCi. 
4.56.7.1 Transient  Response 
I f  APPR#ACH = TRANRESP, CASECC i s  skipped over REPEAT records. If REPEAT - 0, REPEAT f s  s e t  
t o  1. One record o f  CASECC i s  read imd copied onto CASEXX. An attempt i s  made t o  read another 
record. I f  no niore records ex i s t ,  REPTAT i s  se t  t o  -1. Also, i f  t h i s  i s  t he  f i r s t  en t r y  t o  CASE 
(i .e. , REPEAT = 1).  LPBP i s  s e t  t o  -1. I f  add i t iona l  records ex is t ,  REPEAT and L&3P are s e t  t o  1. i 
t. 
4.56.7.2 Complex Eigenvalue Analysis 
If APPROACH = CEIGEN, REFEAT records are skipped i n  CASECC. I f  REPEAT = 0. REPEAT i s  s e t  t o  
1. One record o f  CASECC i s  read and copied onto CASEXX. The names o f  the  D i r e c t  I npu t  i l a t r i ces  
ar,d Transfer Functions sets are saved. An attempt i s  made t o  read another record. I f  no 
more ex is t ,  REPEAT i s  s e t  t o  -1. Also if t h i s  i s  the  f i r s t  en t r y  (i.e., REPEAT = 1) LOaP f s  s e t  
t o  -1. I f  add i t i ona l  records ex is t ,  t h e i r  D i rec t  I n y t  Matrices and Transfer  Functions sets a n  
compared t o  those saved. I f  they a1 1 agree, t h i s  record i s  copied onto CASEXX and the  process 
i s  repeated. I f  they do no t  agree, REPEAT i s  increrrmted by 1, LBaP i s  s e t  t o  1, and CASE returns. 
4.55.7.3 Frqucncy Response 
I f  APPRflACH = FREQRESP, the nethod used i s  tne sare as Complex Eigenvalue Analysis except a 
i: t e s t  i s  a l so  made f o r  frequency se t  se lec t ion  changes. I n  addi t ion,  i f  PANDPS cards are  selected, 
the se lec ted s e t  i s  read from PSOL and the unique subcase " id 's "  referenced are stored. Each sub- 
case i d  copied onto CASEXX i s  compared t o  t h i s  l i s t ,  and the  en t r y  i s  marked as found. I f  a t  the  
co rp le t i on  o f  CASE unmarked en t r i es  ex i s t ,  the r o u t i n r  terminates w i t h  rcessage 3033. 
. . 
i 456.7.4 R e 4  E;gcnvalqes 
fl Rwebhcr( = W I G E N ,  tl\e saur ~ t k d  is asd em$ ~ C H E ~ H C D  SD 
k *. 
i 4.56 -A ( 
STRUCTURAL ELEMENT DESCRIPTIONS 
The "stress" data recovery f o r  heat t ransfer analysis f s  performed by subroutines SQHTFI , 
SOHTFF, and SDHTF2 o f  module SDR2. I n  Phase 1, the matr ix K and the tr..trix C are calculated 
where K i s  the 3 x 3 material matrix and f, I s  a 3 by number o f  points matrix. For the 
tetrahedron: 
For the WEDGE, HEXA1, and HEXA2 elements, the [C] matrix I s  calcoiated f o r  each subelement. 
The column corresponding t o  each point o f  the tetrahedron i s  added t o  the column o f  the C, n a t r i x  
corresponding t o  tha t  po in t  i n  the whole element. The resu l ts  are divided by the number o f  
subelemcnts. 
I n  Phase 2, the ternprr,atux c p f f i ~ n t  vector and f l u x  vector are calculated wi th  the equations: 
I where {u) i s  the vectcr o f  temperatures o f  the connected points. 
8.17.3 Hydroelastic Calculations for  Sol id Elements 
The "st i f fness"  matrix for  hydroel.astic problems 5s generated for the FHSX1, 
FHEX2, FTETRA, and Fh'EDGE elements (which are ident ica l  i n  format to  the s o l i d  
structure equivalents).  The matrix i s  ident ica l  t o  the heat transfer matrix 
The density,  p ,  i s  obtained from the YAT subroutine with INFLAG99. 
UTILITY SUBROUTINE DESCRI?TIONS 
INFLAG = 8 -- INFLAG - 8 I s  used only by two-dlrnensio~al element subroutfnos 
i n  modules PLA3 and PLA4. The four th  word o f  /Mr;IN/, PLAARG (see below), I s  
stress ( 6 )  and i s  used as the ordlnate i n  an 'nverse in terpo la t ion tab le  look- 
up to  obtaln the absclssa which I s  strair .  (c) .  
I f  elthe;: a) the ordlnate i s  i n  the range o f  the piecewise l i n e a r  funct ion 
deffned by the tab le  on a TABLES1 bulk data card, o r  b) the ordinate I s  greater  
than the maximum (which i s  also the l as t )  ordinate i n  the tab le  but the  slope 
o f  the l i n e  segment jo in ing ' the l a s t  twa points o i  the tab le  i s  nonzero, then 
the second word o f  /MATBUT/ i s  set  t o  zero and the abscissa. o b t a i n 4  by inverse 
I lnear  interpolation o r  extrapolation, I s  stored I n  the f i r s t  word o f  /HAT@JT/. 
If ei ther:  a) the ordinate i s  less than tire minimum (which I s  also the  f i r s t )  
ordlnate i n  the table, o r  b) the ordinate i s  greater than the maximum ord inate 
IF. the tab le  and the slope o f  the l i n e  segment j o l n i ng  the l a s t  two po!nts of 
the tab le  i s  zero, then the integer "1' i s  stored i n  the second word o f  /MATlpUT/ 
(and the f i r s t  word o f  /MATBUT/ i s  set t o  zero). Only MAT1 cards are searched 
t o  match the input MATID. 
TEMP - Average element temparature. Used as the independent var iab le  i n  a tab le  lonk- 
up when i t  i s  detennined that  a material property i s  temperature dependent. 
Not used when INFLAG = 5 or  6. 
PLAARG - Element strain.  Used as the independent var iable ir l  a tab le  look-up when E, 
the rrodulus o f  e l as t i c i t y ,  i s  defined as the f i r s t  de r fv * t i ve  o f  a s t ra in -s t ress  
curve. Used only i n  the Piecewise Linear Analysis Rig id  Fonnat and on ly  by 
modules PLA3 aad PLAb. 
SINTd - Sine o f  the r a t e r i a l  property or ientat lo? angie. Used only when INFLAG = 2 
and the PATID i s  found among the MAT2 cards. Used t o  construct the [U] mat r i x  
referenced above. 
CBSTH - Lksine o f  the material property ar ientat ion ang!e. The coments olr SINTH, 
above. also apply here. 
C@b!F!jW/HATWT/ - (output C m n  Block). Length 20 wards. Depwding upon the values o f  INFLAG, 
UTILITY SUCROUTINE DESCRIPTIONS 
8. =air: Functional Value (INFLAG = 8) 
1 PUV\NS Value of s t rain (E)  as  an inverse function 
of s t ress  (c) 
I = 0 i f  the input s t ress  i s  in  the  range of 7 ICELLE the function = 1 i f  the input s t ress  i s  outside the range of the function 
3-26 Undefined 
3.4.3C.4 Method 
and HATF 
1. FREMAT: All the MAT1, L"J2,& MATQcards are  read from the MPT data block iqto open I 
core so that  each card i s  assigned 1 + 3*N words of core where N, a function of the  card type, i s  
the number of material property data items on that card type. The f i r s t  word i s  the material iden- 
t i f i ca t ion  number and each material property i s  allocated 3 words: the f i r s t  the input material 
property; the sxond a table (function) number which gives th i s  material property as a function of 
temperature; the third a table number which gives this material property as a function of s t ress .  
In i t id l iy  sords 2 and 3 are s e t  to  zero. Although the third word i s  currentiy used m l y  fo r  :!AT1 
0 
cards and for  E, the modulus of e las t ic i ty ,  on that card, future development may make use of a 
more general application of s t ress  dependent material properties. If there  a r e  n temperature 
dependent material properties for a non-Piecewise Linear Analysis problem, PREMAT i s  wrzpped up 
and a RETURN to  the calling routine i s  executed. 
For a non-Piecewise Linear Analysis problem fo r  which a temperature s e t  fo r  material .roper- 
t i e s  was selected i n  the user's Case Control Deck, a l l  MATTI, MAlT2 and MAlT3 cards a re  read in to  
open core from the MPT data block. For a Piecewise Linear Analysis problem MATS1 cards a r e  read 
into open core from the MPT. A sorted 1 i s t ,  with duplicates discarded? of the table  numbers 
referenced on these cards i s  constructed in open core. This' table number l i s t  i s  constructed so 
that  every referenced table has eleven locations a1 located t o  i t .  These eleven locations a r e  used 
as a dictionary for  the tables. The contents are: the tzble number (word 1 ) ;  the table type 1,2,3, 
or 4 (word 2); pointers to  the f i r s t  and l a s t  entr ies  in t,he table (words 3 and 4);  parameters 
from the TABLE card (wards 5 through 11). Ihe DIT data block i s  then read. For each table read, 
i t  i s  detenined by scanning the table number l i s t  whether o r  not the table i s  required for  prob- 
lem solution. If i t  i s  required, the table i s  read into oper. core and the dictionary entry for  
i . .-.. . 
:++. .' < . .. . - -  , . . . ,  . .'"a"& k ' ' T '  
EXECUTIVE PREFACE MODULE IFP 
Table I . ( £ ) .  Bulk Data Cards Processed by IFP. 
291  CFFREE 
292 CFLSTR 
293 CFHEXl 
294 CFHEX2 
295 CFTETRA 
296 CFWEDGE 
23 7 FL4TF 
C D E F G H I J  K L M N O  
{ k l  x {Vi) 
{ j l  = , ( " Y "  u n i t  vector); Ilk, x cv i l  I 
{ i l  = { j l  x {k) . ( "X"  u n i t  vector). 
The or ientat ion o f  the axes i s  defined by the matrix 
5. On each pass o f  the CflRDi j data a t  least  one new system must be converted. A f t w  
each pass the referenced GRID data i s  checked and converted. The resu l t i ng  CPRDi j data 
w i l l  be the CSTEl data block wi th  each entry reduced from 16 t o  14 words. 
4.21.7.5 Construction o f  the BGPDT, the SIL and the Second Logical Record o f  the EQEXIN. 
The GGPX and the SIL data blocks are f o m d  sinultaneoosly. The SIL data block i s  simply 
a l i s t  o f  the f i r s t  scalar index f o r  each g r i d  o r  scalar point. The number o f  scalar indices ( o r  
degrees o f  freedom) f o r  each po int  i s  determined by examining the elements connected t o  each point. 
The maximum n u d e r  o f  degrees o f  freedom f o r  each element type i s  l i s t e d  i n  /GPTAl/. The maximum 
degrees o f  freedom f o r  each point i s  determined by reading data block GEBM2 and examining the  
connection information i n  conjunction wi th  the degree o f  freedom information i n  /GPTAI/. 
The GPDT data are raad a po in t  a t  a t ine. The basic locat ion coordinates o f  the po in t  are 
formed using Equation 8 through Equation 14 and these data are w r i t t en  on the BGPDf f i l e .  The SIL 
value f o r  the next po in t  i s  calculated by i n c r  -2nting the l a s t  value by s i x  ( g r i d  point)  o r  by 
A tes t  i s  made on the value o f  the displacement' coordinate system ( f i e l d  6) i n  the GPDT d 9  1 
I f  t h i s  value 15 the integer. -1, the po in t  i s  a special RINGFL, GRIDF. o r  GRIDS f l u i d  p o i n t L  It I i 
i s  given one scalar index, the displacenent coordinate system i s  basic (O), and i t s  locat ion I i I 
coordinates i n  the BGPDT data block are calculated l i k e  a normal g r i d  point .  
F ina l ly  the second log ica l  record o f  E Q E X I N  i s  wri t ten. This record contains pairs o f  ex- 
ternal  nu~bers, 10'scalar index + type where type = 1 f o r  a g r i d  point ,  2 for  a scalar point .  
4.21-7 (5f).ff3f- 
ROD5LE FUNCTIONAL DESCRIPTIONS 
opened, i f  n o t  y e t  opened, 2nd the next  vector  present i s  unpacked i n t o  core. 
Data i terns a re  now assmbled f o r  the i d e n t i f i c a t i o n  record, and t h i s  i d e n t i f i c a t i o n  
record  i s  output t o  the output data block. Output l i n e  en t r i es  fo r  the  point- ID'S requested 
a re  then w r i t t e n  on the  output  data block forming a data r ~ c o r d .  At  t h i s  time, i f  the  user 
requested magni tudelphase f o r  complex outputs, the magni tude/phase computations a re  per- 
f o m d  on the rea l l imag inary  pairs.  
When a l l  requests have been processed f o r  t h i s  vector, the  next  Case Control  record  
i s  read. I f  no rare Case Control recards e x i s t  and there are Gore vectors present, those 
vectors are  processed using the l a s t  Case Control record's spec i f i ca t ions .  
When a l l  vectors have been processed f o r  the cur rent  loop pass, the  nex t  pass may 
be made f o r  forces o f  s ing le-po in t  const ra in t  o r  loads. 
I f  dofomed s t ruc tu re  p l o t s  are requested, an output  p l o t  data block i s  f omed  dur ing  
t h e  f i r s :  loop pass, described above, contain ing t rans la t i on  components o f  the  displacement 
1..  Entry Po in t :  SDRZC 
2. Purpose: To perform stage V 2s defined above, under "Elethod". 
3. C a l l i n g  Sequence: CALL SDUD 
4. Method: SDR2D perforns the phase 2 stress and fo rce  recovery computations. I n  t h i s  
phase ac tua l  stresses and forces are computed f o r  the user-requested elements. These 
stresses and forces are a func t ion  o f  the s t ress  matrices computed i n  Stage I11 and the  
displacenents a t  the g r i d  po in ts  o f  the elements. 
The operations o f  SDR2D are dependent upon the  R ig id  Format being executed. I n  a1 1 cases 
the Case Control  data block i s  opened f i r s t .  For eigenvalue problems a l i s t  o f  eigen- 
values and mode numbers i s  read i n t o  corr; from LAX4 and CLANA. For D i f f e r e n t i a l  S t i f f ness  
o r  Buck1 i ng  phase 1 prob lem,  the f i r s t  record o f  Case Control, which i s  used i n  phase 0 
o f  Buckl ing o r  D i f f e r e n t i a l  S t i f fness ,  i s  skipped. For frequency o r  t r ans ien t  response 
problems, a l i s t  o f  f reqwnc ies  o r  t ines  i s  read i n t o  core from PPF o r  PPT. 
FUNCTIOIW! ElODULE READ (REAL EIGENVALUE ANALYSIS - DISPLACEMENT) 
Hg G I M  f i l e  number o f  the input matrix - in teyer  - input. 
ND, t.IR1, :.ll, i-12, M3, E!4 - GIXO f i l e  numbers o f  scratch f i l e s  - intager - input. 
RSTRT - '0' indicates no res ta r t  i s  being rcade - in teger  - input. 
N - C r d ~ r  o f  the problem - integer - output. 
LFREQ. HFREQ - Frequency range f o r  computation o f  eigenvectors - rea l  - input. 
ORDER - Eigenvalue sor t  ordsr f l a g  - integer - input. 
WU, OEIGS, PHIA - GI::fl f i l e  name o f  the associated data blocks - integer - input. 
NV - Narbar ~f eigenvectors t o  cmpute - integer - input. 
NFBUND - Number o f  r i g i d  body modes previously found - in teger  - input. 
NVER - Number o f  f a i l s  t o  ccwnrga on eigenvectors - in togor  - ogtprrt. 
NEVER - Nurber o f  f a i l s  t o  converge on eigenvalues - in teger  - cutput. 
I.w( - Mzxinuin number o f  QR i t e ra t ions  allowed - in teger  - input. 
ITER - Reason f o r  termination - integer - input. 
Z - Open core for VALVEC. 
X I ,  X9, X18, YY, X8 are dumy variables and are not current ly  used. 
4.48.8.30 Subroutine Name: SFiLEIG 
1. Entry Point: SMLEIG 
2. Purpose: To compute tha eigsnvalues for a 1 by 1 and 2 bv 2 matr ix and the eigenvector 
f o r  a 1 by 1 matrix. 
3. Ca l l  i n g  Sequence: CALL SMLEIG (D,O,VAL) 
D - Array o f  diagonal values - double precision - output. 
0 - Array o f  off-diagonal vslues - double precisiori - output. 
. . 
VAL - Away c f  eigenvalues - double precision - output. 
- 4.48.8.31 Subroutine TRIOI 
1. Entry Point: TRIOI 
1 .  
FUNCTIONAL MODULE READ (REAL EIGENVLUE ANALYSIS - DISPLACENEXT) 
2. Purpose: To t r i d i a g o n a l i z e  a symmetric ma t r ix .  
3. C a l l i n g  Sequence: CALL TRIDI ( D , ~ , ~ , B , A , L ~ c , D A )  
D - Diagonal terms o f  t h e  t r i d i a g o n a l  m a t r i x  - double  p r e c i s i o n  - o u t p u t .  
- Off-diagonal terms of  t h e  t r i d i a g o n a l  m a t r i x  - double  p r e c i s i o n  - 
o u t p u t .  
V - Scra tch  x r a y  which c o n t a i n s  a n o t h e r  copy o f  t h e  d i a g o n a l  terms a t  
she conc lus ion  of  TRIDI - double  p r e c i s i o n  - o u t p u t .  
A - Remainder of  c o r e  - s i n g l e  p r e c i s i o n  - s c r a t c h .  
B - S c r a t c h  a r r a y  which c o n t a i n s  t h e  square  o f  t h e  o f f - d i a g o n a l  terms - 
double  p r e c i s i o n  - o u t p u t .  
DA - Remainder o f  c o r e  - double  p r e c i s i o n  - s c r a t c h .  
Lac - Remainder of c o r e  - i n t e g e r  - s c r a t c h .  
4 . 4 8 . 8 . 3 2  Subrout ine  Name: SIcdX 
1. E n t r y  P o i n t :  SICOX 
2. Purpose:  To i n i t i a l i z e  t h e  a r r a y s  i n  SICQD and SIC~S.  See s e c t i o n  
4 . 4 8 . 8 . 3 3 .  
3.  C a l l i n g  Sequence: CALL S I C ~ X  (SIN,C0S) 
SIN - Array of s i n e  r o t a t i o n  f a c t o r s  - double  ? r e c i s i o n  - i n p u t / o u t p u t .  
COS - Array of  c o s i n e  r o t a t i o n  f a c t o r s  - double  precis!on - i n p u t / o u t p u t  . 
4 . 4 8 . 8 . 3 3  Subrou t ine  Name: SICQX 
1. Entry  P o i n t :  SICQD 
2. Purpose: To compute t h e  r o t a t i o n  f a c t o r s  f o r  a given row i n  double  
p r e c i s i o n .  
3 .  C a l l i n g  Sequence: CALL SIC0D (R@W,D,R~T)  
R ~ W  - The number of  t h e  c u r r e n t  row t o  r o t a t e  - i n t e g e r  - inpu t .  
R@T - I f  no r o t a t i o n s  a r e  r e q u i r e 6  f o r  t h i s  row, R@T = 0. Otherwise ,  
R ~ T  = 1 - i n t e g e r  - i n p u t .  
D - Array o f  terms f o r  t h i s  row - double  p r e c i s i o n  - i n p u t / o u t p u t .  
4.48-19b ( 
I 
t FUNCTIONAL NODULE REAE (REAL EIGENVALUE 
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. I .  4 . 48 .8 .34  Subroutine Name: SIC0X 
1 1. Entry Point :  SIC& 
i .  
2. Purpose: To compute t he  r o t a t i o n  f a c t o r s  f o r  a given row i n  s i n g l e  
precis ion.  
3. Ca l l i ng  Sequence : CALL SIC(& (R@W ,DS ,R@T) 
ANALYSIS - DISPLACEMENT) 
The number of t h e  cur ren t  row t o  r o t a t e  - i n t ege r  - input .  
Array of terms f o r  t h i s  row - s i n g l e  prec is ion  - input lou tput .  
I f  GO r o t a t i o n s  a r e  required f o r  t h i s  row, R0T= 0. Otherwise, 
R @ T = l  - i n t ege r .  
Subroutine Name: R0TAX 
1. Entry Point :  R0T.W 
2. Purpose: To i n i t i a l i z e  t h e  a r r a y s  i n  ROTATE. See s e c t i o n  4 . 4 8 . 8 . 3 5 .  
3. Cal l ing  Sequence : CALL ROTAX (SIN ,C@S) 
SIN - Array of s i n e  r o t a t i o n  f a c t o r s  - double prec is ion  - input .  
C0S - Array of cosine r o t a t i o n  f a c t o r s  - double prec is ion  - input .  
4 . 4 8 . 8 . 3 6  Subroutine Name: RdTAX 
1. Entry Point :  R~TATD 
2. Purpose: To r o t a t e  a s  much of t h e  matr ix  a s  f i t s  i n t o  co re  us ing  
double prec is ion  a r i thmet ic .  
3. Ca l l i ng  Sequence : R0TATD ('!J ,A , R ~ W  ,R0W1 ,R0W2 ,L@C) 
- Array of of f-diagonal va lues  - double prec is ion  - input /output  . 
A - P a r t i t i o n  of t he  matr ix  held i n  core  - double prec is ion  - input /output .  
RdIJ - The row number of  cur ren t  r o t a t i o n  row - i n t ege r  - input .  
R@Wl-The row number of t he  f i r s t  row of t he  matr ix  p a r t i t i o n  i n  co re  - 
i n t e g e r  - input 
R0W2-The row number of t he  l a s t  row of the matr ix  p a r t i t i o n  i n  core  - 
i n t e g e r  - input .  
LgC - For s p i l l  case a vec tor  conta in ing  the  open core  l oca t ion  f o r  each 
row c u r r e n t l y  i n  core  - i n t ege r  - input .  
4 .48 .8 .37  Subroutine Name: R ~ T A X  
1. Entry Point :  R@TATS 
2. Purpose: To r o t a t e  a s  much of the  matr ix  a s  f i t s  i n t o  core  using 
s i n g l e  prec is ion  a r i thmet ic .  
3. Cal l i ng  Sequence : CALL R~TATS (0s ,AS ,R@W , R @ w ~  , R @ w ~  ,L0C) 
0s - Array of  off-diagonal va lues  - s i n g l e  prec is ion  - input /output .  
AS - P a r t i t i o n  of t h e  mat r ix  held i n  co re  - s i n g l e  p rec i s ion  - input /  
output .  
R0W - The row number of t he  cu r r en t  row - i n t ege r  - input .  
R0W1 - The row number of t h e  f i r s t  row of t h e  matr ix  p a r t i t i o n  i n  core  - 
i n t ege r  - input .  
R@W2 - The row number of t h e  l a s t  row of t he  matr ix  p a r t i t i o n  i n  c o r e  - 
i n t ege r  - output .  
L@C - For s p i l l  case  a  vec to r  conta in ing  t h e  open core  l o c a t i o n s  f o r  
each row cu r r en t ly  i n  core  - i n t ege r  - input .  
4 . 4 8 . 8 . 3 8  Subroutine QRITER 
1. Entry Point :  QRITER 
2. Purpose: To obta in  t h e  eigenvalues  of a  t r i d i agona l  matr ix  by t h e  
Or tega-Raiser  QR i t e r a t i o n  technique. 
3.  Cal l ing  Sequence: CALL QRITER (VAL,@,L~C,QR) 
INTRODUCTION 
, 
This document is the Programmer's Manual for the MJ3SHGEN mesh generation 
program. It includes descriptions of all routines used by MESHGEN as well 
as the data base and file operations. Additionally, a section on system 
considerations points out areas of code that would require change for 
implementation on other computer hardware. 
1. MESHGEN ORGANIZATION 
MESHGEN has been developed and organized in a modular manner. Such a design 
allows both ease in debugging and simplicity of modification. The main 
driver routine performs virtually no computation, but serves only as a 
logical framework to guide execution. The overall logic of this routine 
is shown in Figure 1 with annotations describing functions. 
For the most part, all data is passed between major routines through common 
blocks and, in some cases, by scratch files. This again enhances the 
ability to expand and modify the system. 
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f - 
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FIGURE 1. OVERALL FLOW OF NESHGEN, Cont'd 
D e s c r i p t i o n  of Functions 
- 
PREPAS and DATAEX are used t o  p repare  t h e  i n p u t  MESHLAN 
sequence f o r  process ing.  
LEXER performs t h e  l e x i c a l  a n a l y s i s  of t h e  MESHLAN sequence 
and b u i l d s  much of t h e  d a t a  
CHECKR performs cons i s tency  
This  test a l lows  t h e  o p t i o n  
base .  
checks on t h e  i n p u t  d a t a .  
o f  g e n e r a t i n g  a f l u i d  and 
s t r u c t u r e  p o r t i o n  o f  t h e  same medel a t  different t imes.  
Both models may then be  accessed from t h e  SAVE f i l e  and 
f l u i d / s t r u c t u r e  i n t e r f a c e s  de f ined .  
FLSTRJ. g e n e r a t e s  t h e  f l u i d / s t r u c t u r e  i n t e r f a c e  d a t a .  
Sequence of s u b r o u t i n e s  r e q u i r e d  t o  genera te  SHELL 
GETLIN and GRDGEN g e n e r a t e  g r i d s ,  QEL0UT elements ,  
STRNGR s t r i n g e r s .  
models. 
and 
For t h e  SdLID model, SELdUT g e n e r a t e s  elements.  
A genera l  f l u i d  (GFLUID) is def ined  by GENSOL and t h e  
a s s o c i a t e d  e lements  a r e  a g a i n  fcund by SEL0UT. 
TFULL (a combined SHELL and S0LID model) i s  s imply t h e  combi- 
n a t i o n  of t h e  two p o r t i o n s ,  p l u s  a c a l l  t o  F'LSTRi t o  g e n e r a t e  
f lu id1st ruct :nre  boundar ies .  
SHLCAP d e f i n e s  b o t h  t h e  g r i d  and element d a t a  f o r  a s h e l l  
cap.  
S~LCAP performs g r i d  and element d e f i n i t i o n s  f o r  a s o l i d  cap.  
A s n e l l  cap c o n t a i n i n g  f l u i d  may be  modeled w i t h  t h i s  r o u t i n e .  
Two p l o t  r o u t i n e s  a r e  a v a i l a b l e .  PL0T g e n e r a t e s  th ree -  
dimensional p l o t s ,  whi le  P L ~ T ~  genera tes  two-dimensional 
pseudo-developed p l o t s  f o r  some models. 
De ta i l ed  d e s c r i p t i o n s  of t h e s e  r o u t i n e s  and 
t h e i r  a s s o c i a t e d  u t i l i t i e s  a r e  desc r ibed  i n  
subsequent s e c t  ions .  
2. FILES AND CO?DION BLOCKS 
2.1 FgRTRAN FILE DESCRIPTION 
MESHGEN requires the use of six F ~ R T P A  files in addition to standard 10 units 
5 ,  6 and 7. The file numbers are found in 
These values are set by Block Data MESHBD and may be changed if desired. 
Operations on each of these files are described below. 
File 
-
IU1 Internal file used to store data passed to plot routines 
IU2 Copy of input stream with MESHLAN data deleted 
XU3 SAVE file for models (usually catalogued by user) 
IU4 Scratch file used in computing fluid/structure interface 
XU5 Available for defining external plot file for SC4020 plotter 
hardware 
IU6 Copy of input stream after conversion to BCD 
The actual formats of the data on each of these files is summarized below. 
2.1.1 File IU1 
Record Content? 
1 ITYPE - tyne of model: 1 = shell, 2 = solid 
NAME - 2-word BCD M0DEL name 
NR - number of radial stations 
2 NT - number of circumferential stations 
NZ - number of axial stations 
ICL0SR - flag signifying radial closure 
ICLQST - flag signifying circumferential closure 
3 NFLAG 
ANGl,kVG2 - plot view angles 
DQ;UT 
4 thru n G I D  - grid point ID 
R,T,Z - grid coordinates (cylindrical) 
2.1.2 Files I U 2  ,'.,ld XU6 
---- 
The f i l e s  a r e  simply copies c f  t h e  ?nput s t ream,  BCD, 80 c h a r a c t e r s  pe r  
r ecord .  
2.1.3 F i l e  IU3 
----- 
Record Contents  
1 NAME - 2-word BCD MODEL name 
2 t h r u  n  Bulk Data images - 80 c h a r a c t e r s  per  record 
I n  a d d i t i o n ,  t h e  boundary element dimensions are saved t o  f i n d  boundar ies  
a t  a l a t e r  t ime.  The format o f  such r e c o r d s  is: 
Word 
-
Contents  
1 BCD S t r i n g  '****' 
2 Element I D  
3 ~ 4  Z M I N  and ZMAX f o r  element 
5 , 6  31IN and ~~ f o r  element 
2.1.4 F i l e  IU4 
Th i s  f i l e  is used i n t e r n a l l y  t o  f i n d  t h e  boundar ies  when a l l  d a t a  is p r e s e n t ,  
i .e. ,  SMPE=TNLL o r  CAPE. Its format is  t h e  same as t h a t  d e s c r i b e d  above. 
2.1.5 F i l e  IU5 
--- 
The format of  t h i s  f i l e  is determined by t h e  SC4020 p l o t  r o u t i n e s .  
2.2 CO.?PlON BLOCKS 
M0DSA.M - Array c o n t a i n i n g  d a t a  from MgDEL command 
1,2 MQDEL name, BCD 
3 SAVE f l a g  - 0 ao SAVE 
1 SAVE 
SHAPE - Type o f  g e o n e t r i c  shape being analyzed from SHAPE command 
= 1 f o r  %:ELL 
= 2 f o r  SdLID 
= 3 f o r  'L'RWCATED S ~ L I D  
= 4 f o r  CONTAINED S ~ L I D  
= 5 f o r  CAPSHELL 
= 6 f o r  CAPS~~LID 
= 7 f o r  CAPR0TH 
5-  5 
BBUND - Array s t o r i n g  boundary d a t a  from B0UhJh.Y command 
1 - Type of  b ~ u n d a r y  s p e c i f i c a t i o n  = -1 f o r  INTERPflLATED TABLE 
- 0 f o r  E'UNCTI0N 
- 1 f o r  TABLE 
2 - Boundary I D ,  i n t ege r  
3  - Fluid l e v e l  f o r  SHAPEm4 o r  7 
NEW - Flag t o  de f ine  s t a t u s  of SAVE f i l e .  Set t o  1 i f  f i ? d  1,s new. 
ELEM - Array holding element d e f i n i t i o n  f o r  l p  t o  10  d i f f e r e n t  elements 
per  case.  Column values  me: 
1 - Element type co& 
types 1-8 a r e  quad p l a t e s  
types 9-12 a r e  f l u i d s  
types 13-17 a r e  t r i a n g u l a r  p l a t e s  
2 - I n i t i a l  elemene I D ,  i n t e g e r  
3,4 - Not used 
5 - Element property I D ,  i n t ege r  
6 - Material  o r i e n t a t i o n  angle ,  a ,  rcal 
7 , s  - Used t o  denote THICKJESS VARIES comand 
This co~mon block i s  l l s t d  K O  s t o r e  mesh l i n e  d a t a  generated 5y expanding 
and merging the  zone d e f i n i t i w  d a t a  i n  /MESH/'. 
NRL,NTL,NZL - Number of mesh l i n e s  i n  each coordinate  d i r e c t i o n ,  inceger  
R,T,Z - Arrays holding expanded mesh l i n e  values .  Each column 02 the  
a r r a y  holds : 
1 - Expanded coordinate  va lues ,  r e a l  
2 - Expanded coordinate  g r i d  I D  f o r  & e l l  i n t ege r  
3  - Input coordinate  system I D  f o r  s h e l l  i n t ege r  
4  - Output c o o r d h a t e  system I D  f o r  s h e l l  i n t ege r  
5 - Not used 
6,7,8 - Same a s  2,3,4 f o r  t he  s o l i d  
9 - Not used 
G 1  - I n i t i a l  grid I D  f o r  s h e l l ,  i n t e g d  
C-2 - I n i t i a l .  g r i d  I D  f o r  m l i d ,  i n t ege r  
PPROY - Uversll  property I D ,  in teger .  
XI,X2,X3 - Arrays s to r ing  zone d e f i n i t i o n  values f o r  each coordinate  
d i rec t ion .  The f i r s t  subscr ip t  r e f e r s  t o  t he  number of t he  
STEP o r  DIVIDE coutmand i n  the  i t h  d i r ec t ion ,  i . e . ,  a  maximum 
of 5 STEP o r  DlVIDS's may appear i n  each d i r ec t ion .  The 
words within each en t ry  a r e :  
F i r s t  value of coordinate  on STEP coumand, r e a l .  
Second value of coordinate  on STEP command, r e a l .  
Number of elements i n  t h ~  zone from STEP o r  DIVIDE 
command, in teger .  
She l l  f l a g  - s e t  t o  1 i f  p l a t e  elements a r e  def ined f o r  
the zone, in teger .  
Input coordinate  system I D  f o r  the  s h e l l  zone, INSYS, 
in teger  . 
Output coordinate system I D  f o r  t he  s h e l l  zone, @UTSYS, 
in teger .  
Grid poin t  I D  increment f o r  s h e l l  zone from NUMBER command, 
in teger .  
E1en;ent I D  increment f o r  s h e l l  zone from NUMBER comand, 
in teger .  
Pointer  i n t o  ELEM a r ray  of /ELTAB/ def in ing  the type of 
elements i n  t h e  s h e l l  zone, in teger .  
Number of element types defined i n  the  s h e l l  zone, 
in teger .  
She l l  zone property I D  from ZPRgP coutmand, in teger .  
M?+erial o r i e n t a t i o n  angle,  a, f o r  s h e l l  zone from ZPROP 
command, r e a l .  
13-19. Same a s  4-10 f o r  t he  s o l i d  zone. 
20. Sol id zone property I D  from t h e  ZPR0P command, in teger .  
NPT(1) - N~mber of zones defined i n  each coordinate  d i r ec t ion .  
STRING - 1 - Type of s t r i n g e r ,  0  f o r  BAR, 1 f o r  RdD. 
2 - Str inger  property I D ,  in teger .  
3 - I n i t i a l  s t r i n g e r  I D  nurnkzi i f  8 d i r e c t i o n ,  in teger .  
4  - Nurnber of s t r i n g e r  s t a t m n s  i n  Z d i r e c t i o n  from AL@NG 
command, in teger .  
5 - Number of s t r i n g e r  s t a t i o n s  i n  0 d i r e c t i o n  from ALdNG 
command, i2 teger .  
6 - I n i t i a l  s t r i n g e r  I D  number i f  Z d i r e c t i o n ,  i n t ege r .  
SL0C - Array containing s t r i n g e r  s t a t i o n s  from AL@G comrnand in the Z 
and 8 d i r ec t ions .  
3. UTILITY SUBROUTINES 
3.1 NAPFNS (FLACIIINE WORD FUNCTIONS) 
3.1.1 -- E n t r y  P o i n t s :  LSHIFT, RSHIFT, ANDF, ORF, XORF, C0MPLF 
3.1.2 Purpose 
To perform b a s i c  computer word manipu la t ions  by s t a n d a r d  b i n a r y  d i g i t  !b i t )  
o p e r a t i o n s .  The manipu la t ions  ard performed over  t h e  complete memory word 
l e n g t h  f o r  t h e  p a r t i c u l a r  hardware. 
3.1.3 - C a l l i n g  Sequen'ce 
All machine word f u n c t i o n s  a r e  executed a s  F~RTRAN i n t e g e r  f u n c t i o n  sub- 
r o u t i n e s  w i t h  i n t e g e r  arguments. 
3.1.4 Method 
The method empl.oyed w i t h i n  each f u n c t i o n  w i l l  be  d e s c r i b e d  fo l lowing  t h e  
s e p a r a t e  f u n c t i o n  examples. 
3.1.5 E n t r i e s  
K = LSHIFT (1,N) 
The e n t i r e  b i t  s t r u c t u r e  of word I is  s h i f t e d  l e f t  N p l a c e s  and t h e  r e s u l t i n g  
word r e p l a c e s  word K. Word I is unchanged. High-order b i t s  s h i f t e d  ? u t  a r e  
l o s t .  Zeros a r e  supp l i ed  t o  vaca ted  low-grder p o s i t i o n s .  The s h i f t  i s  l o g i c a l ;  
no s p e c i a l  p r o v i s i o n  i s  made f o r  t h e  s i g n  p o s i t i o n .  
K = RSHIFT (1,N) 
The e n t i r e  b i t  s t r u c t u r e  of word I is  s h i f t e d  r i g h t  N p l a c e s  and t h e  r e s u l t i n g  
word r e p l a c e s  word K. Word I is unchailged. Low-order b i t s  s h i f t e d  o u t  are 
l o s t .  Zeros are supp l i ed  t o  vaca ted  high-order p o s i t i o n s .  The s h i f t  is  l o g i c a l ;  
no ; p e c i a l  p r o v i s i o n  is made f o r  t h e  s i g n  p o s i t i o n .  
K = ANDF ( 1 , J )  
A l o g i c a l  product  of t h e  b i t s  w i t h i n  word I and word J is formed and s t o i e d  
i n t o  word K. Words I and J a r e  unchanged. 
A l o g i c a l  sum of t h e  b i t s  w i t h i n  word I and word J L s  formed and s t o r e d  I n t o  
word K. Wori, I and J a r e  unchanged. 
The modulo-two sum (exclusive or) of the b i t s  within word I and word J is 
forrned and stored into  word K .  Words I and J are uilchanged. 
The ones complement of the b i t s  within word I i s  formed and stored into  
word K.  Word I is unchanged. 
3 .1 .6  Design Requiremects 
NAPFNS i s  written i n  assembly language. 
3.2 XRCARD (FREE-FIELD CARD DATA CONVEZSION ROUTINE) 
3.2.1 Encry Poin t :  - XKCARD 
3.2.2 Purpose 
To i n t e r p r e t  f r ee - f i e ld  card input  d a t a  a s  follows: 
1. I d e n t i f y  BCD a lpha  and numeric d a t a  f i ~ l d s  a s  they a r e  converted 
and placed i n  t he  u se r ' s  buf fe r .  
2.  Flag and output  s p e c i a l  d a t a  f i e l d  de l imi t e r s .  
3. Convert BCD numeric f i e l d s  t o  b inary  i n t ege r  o r  b inary  f l o a t i n g  
point .  
4. Ind i ca t e  when the  d a t a  extends beyond one 72 column card. 
3.2.3 Cal l ing  Sequence 
CALL XRCARD (gUTBUF, L , INBUF) 
Where : 
~UTBUF = The bu f f e r  which i s  t o  conta in  t he  converted card image. 
L = The length  of @UTBUF a v a i l a b l e  t o  XRCARD. 
INBUF = The bu f f e r  containing t h e  card image t o  be converted. 
3.2.4 Method 
XRCARD's design is  based on t h e  neces s i t y  of  having t o  func t ion  on a v a r i e t y  
of  computing machines having a v a r i e t y  of computer word s t r u c t u r e s ,  and a 
v a r i e t y  of d i f f e r ences  i n  h o l l e r i t h  handl ing imposed by d i f f e r i n g  F~RTRAN 
compilers.  
XRCARD analyzes  t he  twenty h o l l e r i t h  words input  throt -5 INBTJF a s  follows: 
Data F i e ld  Del imiters  
Type A: The following symbols s i g n i f y  t he  end of an alpha f i e l d  o r  numeric 
f i e l d  oil t he  card.  As t he se  symbols a r e  emountered,  they w i l l  be 
flagged and placed i n  t h e  output  bu f f e r  t o  a i d  t he  u se r  i n  i den t i fy -  
i n r  t h e  da t a .  
( LEFT PAREN 
/ SLASH 
= EQUAL 
* ASTERISK 
Type B: The following symbols a r e  i d e n t i c a l  t o  those l i s t e d  above except 
t h a t  the  symbol -s not  f lagged o r  placed i n  the  output  buf fe r :  
, COMMA 
) RIGHT PAKEN 
When s u c c e s s i v e  type  A o r  t y p e  B d e l i m i t e r s  a r e  encountered,  a n u l l  
f i e l d  i n d i c a t i o n  (two BCD b lank  words) i s  ou tpu t .  A n u l l  f i e l d  is  
generated f o r  each s u c c e s s i v e  d e l i m i t e r .  A n u l l  f i e l d  i s  a l s o  gener- 
a t e d  when a type k o r  type B d e l i m i t e r  is followed by a $ i n d i c a t i n g  
t h e  end of d a t a  cond i t ion .  
Type C: The fo l lowing  symbol is i d e n t i c a l  t o  t h e  COMMA except  t h a t  no n u l l  
f i e l d  j ~ d i c a t i o n  i s  ou tpu t  when they a r e  encountered i n  success ion .  
BLANK 
End of Data I n d i c a t i o n  
There are t h r e e  means by which end-of-data may be  s p e c i f i e d  on t h e  ca rd :  
a The last  d a t a  f i e l d  ends i n  column 72,  o r  is followed by b lanks  o u t  
through column 72; 
a $ i s  encountered,  a f t e r  which comments may be included o u t  t o  column 
80; o r  
0 Cont inuat ion c a r d s  ending i n  (, 1 ,  = o r  , w i l l  r e s u l t  i n  a c o n t i n u a t i o n  
f l a g  (0  mode word)). 
Format o f  Output Data 
A mode word, N ,  is placed i n  t h e  ou tpu t  b u f f e r  t o  d i s t i n g u i s h  between BCD 
d a t a  and numeric d a t a .  
Numeric Mode Word: A new mode word i s  ou tpu t  each t ime a numeric f i e l d  
is  conver ted and o u t p u t .  (Al l  numeric mode words a r e  c e g a t i v e . )  
N = -1 i c t e g e r  d a t a  ( 1  d a t a  word) 
= 
-2 f l o a t i n g  p o i n t  s i n g l e  p r e c i s i o n  ( 1  d a t a  word) 
= 
-4 f l o a t i n g  p o i n t  double  p r e c i s i o n  (2 d a t a  words) 
N f n d i c a t e s  t h e  t y p e  of numeric d a t a  and where t o  look  Ear t h e  nex t  mode 
word. 
Alpha Mode Word: When process ing  a lpha  d a t a ,  on ly  one mode word i s  o u t p u t  
f o r  s ~ c ~ e s s i ~ ~ a l ~ h a  f i e l d s ,  i .e.  , a n  a lpha  mode word w i l l  never f o l l o w  
a n o t h e r  a lpha  mode word. 
N = The number o f  s u c c e s s i v e  a lpha  f i e l d s  encountered on t h e  ca rd .  
Each alpha f i e l d  c o n s i s t s  o f  two 4-charac te r  computer words 
( l e f t  a d j u s t e d ) .  Thus, N can be used t o  coapute  t h e  l o c a t i o n  
o f  t h e  nex t  mode word. 
The type A d e l i m i t e r s  a r e  ou tpu t  as a l p h a  d a t a  and a r e  'covered'  by t h e  
a lpha  mode word. Since d a t a  o u t p u t  i n  t h e  a l p h a  mode must c o n s i s t  of two 
words, a type A d e l i m i t e r  w i l l  appear  a s :  
Word 1 = Del imi te r  f l a g ,  a l l  b i t s  o f  t h e  word a r e  on. 
Word 2 = BCD d e l i m i t e r ,  l e f t  a d j u s t e d ,  followed by BCD blanks .  
End-of-Data: The end-of-data flag is placed last in the output buffer 
and appears in place of an expected mode word. There dre two end-of-data 
flags : 
a A word with all bits off, indicating that more data is to follow 
on a continuation card. 
a A word will all bits on except for the sign, indicating that no 
more data is to follow for this card type. 
3.2.5 Design Requirements 
An alpha field must be eight characters or less. Long alpha fields will be 
truncated to eight characters. 
All data must be placed in card columes 1-72 
A data field may not be split between two cards. 
The specification of all numeric data fields must conform to F~RTRAN IV 
standards. 
3.3 REZXL (REAL NUMBER TO ALPWWRIC) 
3.3.1 Entry Point :  RE2A.L 
3.3.2 Purpose 
To convert  a s i n g l e  prec'sion number t o  i ts  BCD s t r i n g  represen ta t ion .  
3.3.3 Cal l ing  Sequence 
CALL REZAL (RE, ALPH) 
where : 
RE - s i n g l e  prec is ion  r e a l  number - r e a l  - input .  
ALPH - BCD output  (2 words) 
3.3.4 Method 
The output  value i s  t h e  f l o a t i n g  o r  exponent ia l  form depending on which g ives  
g r e a t e r  s i g n i f i c a n t  d i g i t s .  Round o f f  is based on the number of s i g n i f i c a n t  
d i g i t s  being output .  
3.4.1 Entry Point :  INT2AL 
3.4.2 Purpose 
To convert a n  i n t ege r  value t o  i t s  BCD s t r i n g  representa t ion .  
3.4.3 Cal l ing  Sequence 
CALL INT~AL(NUMB,ALPH) 
where : 
NUMB - number t o  be cljnverted t o  BCD s t r i n g  - i n t ege r  - input  
ALPH - two-word a r r i y  containing BCD s t r i n g  - BCD - output 
Each d i g i t  of NUMB i s  i s o l a t e d  and t h e  BCD s t r i n g  i s  b u i l t  by appropr ia te  
s h i f t  and l o g i c a l  "OR" operat ions.  I f  the  in t ege r  value i s  g r e a t e r  than 8 
d i g i t s ,  the s t r i n g  returned i n  ALPH i s  a l l  "question marks" (?). 
3.5 PAGE (PAGE HEADING) 
3.5.1 Entry Poin t :  PAGE 
3.5.2 Purpose 
To provide a s tandard page heaS4ng f o ~  MESHGEN output .  
3.5.3 Cal l ing  Sequence 
CALL PAGE 
C~~MM@N/SYSTEM/NLPP ,NLINE *AGE 
NLPP - Maximum number of l i n e s  per  page - in teger .  
NLINE - Number of d a t a  l i n e s  on previous page - LINE is s e t  t o  
zero by PAGE. 
IPAGE -. Current page number - increased by 1 on each c a l l  t o  PAGE. 
3.5.4 Mechod 
PAGE w r i t e s  a s tandard 4 l i n e  heading from NTITL, ITITL1, ITITL2, ITITL3. 
3.6 MESAGE (MESSAGE WRITER) 
3.6.1 En t ry  P ~ i n t :  MESAGE 
3.6.2 Purpose 
To queue n o c f a t a l  messages dur ing  t h e  execut ion of a  module; and f o r  f a t a l  
messages g i v e  a c o r e  dump (CALL PDUMP), p r i n t  t h e  message queue (CALL MSGWRT), 
and c a l l  PEXIT. 
3.6.3 C a l l i n g  Sequence 
CALL MESAGE (ICgDE, L ,M,N) 
where : 
IC0DE - I n t e r n a l  message number - i n t e g e r  - inpu t .  
L,M,N - Values t o  b e  included i n  t h e  e r r o r  message - mixed - i n p u t .  
Both f a t a l  and n o n f a t a l  e r r o r  messages are p r i n t e d  as they  occur .  I f  a 
f a t a l  e r r o r  occurs ,  t h e  IERR f l a g  is s e t  and r e t u r n  i s  made t o  t h e  c a l l i n g  
r o u t i n e  where a p p r o p r i a t e  a c t i o n  must b e  taken.  
3.7 BUG 
3.7.1 Entry Point :  BUG 
3 .7 .2  Purpose 
To allow f o r  d iagnos t ic  output  during program development. 
3 .7 .3  Cal l ing  Sequence: 
CALL BUG(IDENT,IDNUM,ARRAY,NWDS) 
where : 
IDENT - Four-character i d e n t i f i e r  t o  l a b e l  output  - BCD - input .  
IDNUM - Number t o  i d e n t i f y  output  - i n t ege r  - input .  
ARRAY - S t a r t i n g  address  of va lues  t o  ke output  - input .  
NWDS - Number of words t o  be  output  - i n t ege r  - input .  
3 . 7 . 4  Method 
I f  t h e  d iagnos t ic  f l a g  IDIAG is on, t h e  rou t ine  w i l l  p r i n t  t he  spec i f i ed  
da ta .  The type of d a t a  and output  formats a r e  determined by the subrout ine.  
3.8 A.PRXEQ (APPROXIMATELY EQUAL FUNCTION) 
3.8.1 Entry Point: APRXEQ 
3.8.2 Purpose 
'lo determine whether two single-precision real values are approximately 
equal within a given tolerance. 
3.8.3 Calling Sequence 
K = APRXEQ(A,B) [LOGICAL FUNCTION] 
where : 
A,B - Numbers to be compared for approximate equality - real - input. 
where : 
TgLER - Approximate equality tolerance - real. 
3.8.4 Method 
The following algorithm is used to determine approximate equality: 
=f A=B; then APRXEQ=.TRUE. 
- - -
else 
-
ii (AZOA~?~ CT~LER) v
-
(B#oA~?~ cT~LER; then APRXEQ= .TRUE. 
else 
-
APRXEQ= . TRUE, 
3.9 D E C ~ D E  (D0F DECODER) 
3 .9 .1  Entry Point: D E C ~ D E  
3 .9 .2  Purpose 
To translate  the normal NASTRAN degree-of-freedom code (string of integers 1-6 
with no imbedded blanks) to  a b i t  representation. 
3 .9 .3  Calling Sequence 
K = DECBDE(D0F) (INTEGER FUNCTION) 
where: 
D0F - NASTRAN degree-of-freedom code - integer - input. 
3 .9 .4  Method 
The d i g i t s  of D ~ F  are i so lated  and then a word is constructed where the ith 
b i t  i s  on i f  the digit i appears i n  DOF. For example: 
3.10 ENCgDE ( D 0 F  ENCODES) 
3.5 0.2 Encry Point : IijTEGIIR W N C T I d N  ENCODE 
3.10.2 Purpose 
To translate a bit pattern to the NASTRAN degree-of-freedom code. 
3.10.3 Calling Sequence 
K = ENCdDE ( D 0 F )  (INTEGEP FCJCTION) 
where : 
D 0 F  - Bit string to be coded - integer - input. 
3.10.4 Method: 
-- 
Bits are extracted one at a time and t k s  D0F string is generated. Examples 
of this process are: 
This routine is the inverse of DECdDE. 
3.11 INTERP 
3.11.1 Entry Point: INTERP 
3.11.2 Purpose 
To perform a l inear  interpolatjon on a tabular function r = f(z). 
3.11.3 Calling Seqc2nce 
R = INTEW (Z) ( E A L  FUNCT1O:T) 
where 
Z - value o f  a x i a l  coordinate a t  which radial value i s  desired - r e a l  - 
inp1.t.. 
3.11.4 Method 
A l inear interpolat im is  performed t o  f ind the radial  value. An error 
condition e x i s t s  i f  Z < Z or Z > Z 
min max 
3.12 GETVAL 
3.12.1 Entry Point: - GETVAL 
3.12.2 Purpose 
To return a value of radial coordinate for a given axial value. 
3.12.3 Calling Sequence 
R = GETVAL(Z) [Real Function] 
where : 
Z - axial value; inp~ t, real 
C@FIN~N/C~NTRL/ 
3.12.4 Method 
A test is made to determine whether the boundary has been specified by a 
FUNCTIgN or a TABLE. The appropriate call is then made to either FUNC or 
INTERP . 
3.13.1 Entry Point: FUNC 
3.12.2 Purpose 
Evaluates t he  incomplete quadra t ic  func t ion  
f o r  r given a par t icel lar  va lue  of  z. 
3.12.3 Cal l ing  Segue= 
R = FUNC(Z) (Real Function) 
where : 
Z - value o f  a x i a l  coordinate  a t  whicl r a d i a l  coordinate  i s  des i red ;  
input ,  r e a l .  
A(1) - a r r a y  containing quadra t ic  c o e f f i c i e n t s ;  r e a l .  
3.13.4 Method 
The following algori thm is used t o  f i n d  t h e  va lue  of r: 
I f  a6 - 
a 7 = 0 then E R R ~ R  2 2 I f  a7 = 0 then FUNC = (ag + ag - a4z - a5z)/a7 
2 
else DISC = a: - 4a6(a4z2 + a g  - as - ag) 
i f  DISC 0.0 then ERROR 
R1 = (-a7 + m c ) 1 2 a 6  
R2 = (-a7 - v'DIsc.)/2a6 
mNC = max (R1 ,R2) 
3.14 D I V L I N  
3.14.1 Entry Poin t :  DIVLIN 
3.14.2 Purpose 
To d iv ide  a  boundary curve i n t o  n  approximately equal  segments. 
3.14.3 Ca l l i ng  Sequence 
CALL DIVLIN(NPT,ZP) 
where : 
NPT - t h e  number of equally-spaced po in t s  - input  - i n t ege r .  
ZP - a r r a y  of values  a t  equally-spaced po in t s  ( a x i a l  l oca t ions )  - 
output  - r e a l .  
3.14.4 Method 
The SHAPE f l a g  i n  the /C@NTRL/ common  bloc^ is checked t o  determine whether 
t h e  boundary is  def ined by a  func t ion  o r  t ab l e .  I n  e i t h e r  event  t h e  1eng:h 
o r  t h e  curve is approximated by t h e  summation of l i n e  segments de f in ing  t h e  
curve. This l eng th  is then divided i n t o  NPT equal  segments and i n t e r p o l a t i o n  
is  performed t o  give t h e  a x i a l  v a l u a  of these  po in ts .  
3.15 PIFl 
3.15.1 Entry Poin t :  PIFl 
3 .15 .2  Purpose- 
To perform a l i n e a r  i n t e r p o l a t i o n  of t h e  curve length  funct ion.  
3.15.3 Ca l l i ng  Seq~recce 
CALL PIPl(Z,L,N.LP,ZP) 
where : 
Z - t a b l e  of a x i a l  va lues  - real. - inpa t .  
L - t a b l e  of a r c  length  a t  each Z - r e a l  - input .  
N - number of po in t s  i n  t a b l e s  - i n t ege r  - input .  
LP - p a r t i c u l a r  va lue  of l ength  f o r  which the  a x i a l  va lue  i s  
des i red  - r e a l  - input .  
ZP - i n t e rpo la t ed  va lue  of Z a t  LP - r e a l  - output  
4. DATA GENERATIOh AND I@ SUBROUTINES 
4.1.1 Entry Point: FRE~UT 
4.1.2 Purpose 
To generate fluid-free surface CFFREE Bulk Data cards. 
4.1.3 Calling Sequence 
CALL FRE~UT (IDJFACE) 
where : 
ID - Fluid element ID number - integer - input. 
IFACE - Face identification for free surface - integer - input. 
4.1.4 Method 
Subroutine INTZAL is called for each of the input values and the Bulk Data 
card image is generated. The image is then written to the output file. In 
addition, if the SAVE or PUNCH flags are on, the ~mage will be written to 
the SAVE file and/or punched. 
4.2.1 Entry Point :  GRDgUT 
4.2.2 Purpose 
To generaLe GRID Bulk Data cards .  
4.2.3 Cal l ing  Sequence 
CALL GRD@UT(ID,IN,R,T.Z,@UT,SPC) 
where : 
I D  - g r i d  po in t  I D  number - input  - i n t ege r .  
I N  - input  coordinate  system I D  - input  - i n t ege r .  
R,T,Z - gr id  po in t  coordinates  - input  - real. 
@UT - output  coordinate  system I D  - input  - i n t ege r .  
SPC - permanent s i n g l e  point  cons t r a in t  code - input  - i n t ege r .  
4.2.4 Method 
Subroutine INTZAL is  ca l l ed  f o r  each input  va lue  and the  Bulk Data card image 
is generated. The va lue  SPC must be  encoded back t o  NASTRAN form. I n  a d d i t i o n ,  
i f  t h e  PLOT f l a g  is  s e t :  t he  g r i d  I D  and coordinates  a r e  w r i t t e n  t o  t h e  p l o t  
f i l e .  I f  t he  SAVE o r  PUNCH f l a g s  a r e  on, appropr ia te  a c t i o n  is  taken. 
4.3.1 Entry Point :  HEXgUT 
4.3.2 - Purpose 
To generate  CFHEXl and CFHEX2 Bulk Data cards. 
4.3.3 Cal l ing  Sequence -
CALL HEX@UT(ITYPE,E,P,Gl,G2,G3,G4,G5,G6,G7,GS) 
where : 
ITYPE - f l a g  t o  determine type of card - input  - i n t ege r .  
= 9 CFHEXl 
= 10 CFHEX2 
E - element I D  numbar - input  - i n t ege r .  
P - property I D  number - input  - i n t ege r .  
GI-G8 - g r i d  po in t  I D  number - i npu t  - i n t ege r .  
4.3.4 Method 
Subroutine INT2AL is ca l l ed  f o r  each of t he  input  va lues  and the  Bulk Data 
card image is  generated. The image i s  then w r i t t e n  t o  t h e  output  f i l e .  I n  
addi-tion, i f  t h e  SAVE o r  PUNCH f l a g s  a r e  on, t he  image w i l l  be w r i t t e n  t o  t he  
SAVE f i l e  and/or punched. 
4.4.1 Entry  Po in t :  PLOTEL 
4.4.2 Purpose 
Generates  PL0TEL Bulk Data c a r d s  f o r  t h e  f r e e  s u r f a c e  of a f l u i d  model. 
4.4.3 C a l l i n g  Sequence 
CALL PLaTEL(ID1 ,G1 ,G2 ,ID2 ,G3 ,G4) 
where : 
I D 1  , ID2 - PLaTEL element I D  numbers - i n p u t  - i n t e g e r .  
Gl,G2,Gj,G4 - g r i d  p o i n t  I D ' S  d e f i n i n g  t h e  PL~TEL - i n p , l t  - i n t e g e r .  
4.4.4 Method 
Subrout ine  INT2AL is c a l l e d  f o r  each of t h e  inpu t  v a l u e s  and t h e  Bulk Data 
ca rd  image i s  generated.  The image is then w r i t t e n  t o  t h e  ou tpu t  f i l e .  I n  
a d d i t i o n ,  i f  t h e  SAVE o r  PUNCH f l a g s  a r e  on,  t h e  image w i l l  be w r i t t e n  t o  
t h e  SAVE f i l e  and /or  punched. 
4.5 PLTHED 
4.5.1 Entry Point :  PLTHED 
4.5.2 Purpose 
To write th ree  header records on t h e  s c r a t ch  f i l e  used by the  p l o t t i n g  
rou t ines .  
4 .5 .3  Cal l ing  Sequence 
CALL PLTHED (ITYPE, 1 ~ 0 s )  
where : 
ITYPE - type  of p l o t  t h a t  w i l l  be g e n e r ~ t e d  
= 1 f o r  s k e l l  
= 2 f o r  s o l i d  
I P ~ S  - code f o r  pos i t i on ing  of  f i l e  
= 1 rewind 
= 2 no rewind 
4 . 5 . 4  Method 
Twelve words a r e  w r i t t e n  a s  t h r e e  four-word header records  t o  the  p l o t  f i l e .  
(See Sect ion  2 .1  f o r  t h e  format of t h i s  f i l e . )  
4.6 PNCHER 
4.6.1 Entry  Po in t :  PNCHER 
4.6.2 Purpose 
To punch t h e  Bulk Data f o r  a model t h a t  r e s i d e s  on t h e  SAVE f i l e .  
4.6.3 C a l l i n g  Sequence 
CALL PNCHER 
where : 
NANE - 2-word z r r a y  c o n t a i n i n g  t h e  model name on t h e  SAVE f i l e .  
4.6.4 Method 
The SAVE f i l e  i s  accessed and a s e a r c h  i s  made f o r  model NAME. If NAME is 
iound, a l l  Bulk Data images a r e  punched. I f  NAME does n o t  e x j s t ,  t h e  PUNCH 
command i s  ignored.  
4 . 7 . 1  Entry Point: STRQUT 
4 .7 .2  Purpose 
To generate CC0D and CBAR Bulk Data cards. 
4 . 7 . 3  Calling Sequence 
CALL STR~UT(IC,EIDSPID,G1,G2) 
where : 
IC - code for element type - input - integer 
= 1 for CBAR 
= 2 for CRdD 
EID - element ID number - input - integer 
PID - property ID number - input - integer 
G1,G2 - grid point ID numbers - input - integer 
4 .7 .4  Method 
Subroutine INT2AL is called for each of the input values and the Bulk Data 
card image is generated. The image is then written to the output file. In 
addition, if the SAVE or PUNCH flags are on, the image will be written to 
the SAVE file and/or punched. 
4 . 8 . 1  Entry Point: TETdUT 
4 . 8 . 2  Purpose 
To generatc CFTETRA Bulk Data cards. 
4 . 8 . 3  Calling Sequence 
CALL T E T @ U T ( E , P , G ~ , C ~ , G ~ , G ~ )  
where : 
E - element ID niunh-7 - input - integer.  
P - property I!? number - , gut - integer. 
G I 4 4  - gr id  poinc ID ?umbers - input - in tege i ,  
4 . 8 . 4  Method 
Subroutine INTZAL i s  called for e:. 1 of the input values and the Bulk Data 
card image is generate,'. Thc image i s  then writte* to the output f i l e .  In 
addition, i f  the SAVE or PUNCH f l a g s  ;re on, t h ~  image w i l l  be written to  
the SAVE f i l e  and/or punched. 
4 . 9  WEDOUT 
4 . 9 . 1  Entry  Po in t :  WED0UT 
4 . 9 . 2  Purpose 
To g e n e r a t e  CFh'EDGE Bulk Data ca rds .  
4 . 9 . 3  C a l l i n g  Sequence 
CALL YED@UT(E,P,G~,G~,G~,G~,(:~,G~) 
where : 
E - element I D  number - i n p u t  - i n t e g e r .  
P - propet t). - 3 number - inpur  - i n t e g e r .  
GI-G6 - g r i d  p o i n t  I D  numbers - i n p u t  - i n t e g e r .  
.4 Method- 
-
Subrou t ine  INT2AL is c a l l e d  f o r  each of t h e  i n p u t  v a l u e s  and t h e  Bulk Data 
c a r d  image i s  generat ,ed.  The inage is  then w r i t t ~ n  t o  t h e  ouhput  fil2. I n  
a d d i t i o n ,  i f  t h e  SAVE o r  PUNCH f1.rg.s ? r e  on, t h e  image w i l l  be w r i t t e n  t o  
t h e  SAVE f i l e  a n d ' x  punched. 
4.10 WRTHED 
4 . 1 0 . 1  Entry Point: WRTHED 
4 . 1 0 . 2  Purpose 
-
To w r i t e  a header record on the SAVE f i l e  i f  the SAVE option is elected for 
a given model. 
4 . 1 0 . 3  Cal l ing Sequence 
CALL. WRTHED 
CE A .ON/ C@NTRL/ 
4.11 CCARD 
4.11.1 Entry Point: CCARD 
4.11.2 Purpose 
To generate the Bulk Data card continuation field. 
4.11.3 Calling Sequence 
where : 
NUM - numeric portion of continuation field - input - integer. 
0UT - 2-word array containing continuation field - output - BCD. 
PREFIX - 2-character prefix for continuation field - input - BCD. 
4.11.4 Method 
Logical shifting and bitwise logical "OR" functions are performed to pack 
the prefix onto the BCD representation of NUM. 
4.12 PREPAS 
4.12.1 Entry Point: PREPAS 
4.12.2 Purpose 
To convert the input data stream from EBCDIC to BCD. 
4.12.3 Calling Sequence 
CALL PREPAS 
4.12.4 Method 
PREPAS performs a character-by-character conversion of the input stream and 
writes the input to unit IU6. 
4.12.5 Design Requirements 
PREPAS is an IBM-dependent routine and must be altered to simply copy the 
input data on other systems. 
4.13.1. E n t r y  Po in t :  DATAEX 
4.13.2 Purpose 
To e x t r a c t  t h e  MESHGEN f u n c t i o n a l  d a t a  from t h e  i n p u t  s t ream i n  a pre-pass 
o p e r a t i o n  b e f o r e  mesh genera t ion .  
4.13.3 C a l l i n g  Sequence 
CALL DATAEX 
4.13.4 Method 
The i n p u t  f i l e  is read  u n t i l  t h e  $DATA card  is  encountered.  Each FUNCT1Q)N 
o r  TABLE d e f i n i t i o n  is  e x t r a c t e d  and loaded i n t o  /B@UND/. When a hardware 
end-of-data is  sensed on the i n p u t  u n i t ,  a REWIND is performed and t h e  
MESHLAN sequence is  copied t o  a s c r a t c h  u n i t  and a l l  c a r d s  a f t e r  and i n c l u d i n g  
$DATA a r e  e l imina ted .  
4.14.1 Encry Po in t :  INIT 
4.14.2 Purpose 
To e x t r a c t  t h e  boundary f u n c t i o n  o r  t a b l e  d a t a  f o r  t h e  c u r r e n t  c a s e  from t h e  
t a b l e s  of a l l  d a t a  i n p u t  f o r  t h e  c u r r e n t  job. 
4.14.3 S g - l i n g  Sequence 
CALL INIT 
C~XM~N/B!~UND/FT(~O ,101 ,TT(500) 
c ~ > ! X ~ N / S H P / A ( ~ )  
C o L  X~N/BTAB/NPT, ABL (500) 
/ B ~ U N D /  c o n t a i n s  t a b l e s  of a l l  i n p u t  f u n c t i o n s  and boundary t a b l e s  
/sHP/ c u r r e n t  f u n c t i o n  d a t a  
/BTAB/ c u r r e n t  t a b l e  d a t a  
4.14.4 Method 
This r o u t i n e  e x t r a c t s  t h e  c u r r e n t  boundary d a t a  from t h e  t a b l e s  FT and TT. 
It then v r i t e s  a summary of t h e  d a t a  and cop ies  it i n t o  A o r  TAqL. 
4.15.1 Entry Point: Z E R ~ U T  
4.15.2 Purpose 
To i n i t i a l i z e  the basic  common blocks before executing each case i n  a 
MESHGEN run. 
4 .15.3 Calling Sequence 
4.16 BLOCK DATA MESHBD 
4 .16 .1  Entry Point: MESHBD 
4.16.2 Purpose 
To i n i t i a l i z e  machine-dependent parameters held i n  common blocks /SYSl/ 
and /SYS2/. 
5. LEXICAL ANALYSIS SUBROUTINES 
5.1 LEXER 
5.1.1 Entry Point: LEXER 
5.1.2 Purpose 
To perform the  l e x i c a l  analys is  of MESHLAN statements, and t o  i n i t i a l i z e  
cont ro l  a r rays  f o r  each M0DEL. 
5.1.3 Calling Sequence 
CALL LEXER 
5 . 1 4  Method 
The log ica l  flow of LEXER is  shown i n  Figure 2. The rout ine  determines the  
l e v e l  of the  MESHGEN command and c a l l s  the processing routine.  
Call ZEROUT 9 
Get Next Card r
- Call 
LEVEL2 
+ 
Error: Invalid Keyword 
FI(;URE 2 .  LOGICAL FLOW OF LEXER 
5 . 2 . 1  %try Point: LLYEL1 
5 . 2 . 2  Purpose 
To translate  and process the primary MESHLAN commands: 
MODEL, GEBMETRY, MESH, GRAV, PLgT, PLTZ, PUNCH, ENDM, DIAG, 
FIND, MACH, and PLTH*. 
5 . 2 . 3  Calling Sequence 
CALL LEVEL1 (P) 
where : 
P - Primary comand I D  - integer - input. 
5 . 2 . 4  Method 
The primary commands are translated and values inserted in to  the appropriate 
common blocks.  
*PLTF(EAD i s  a f acility-dependent command for MSFC. 
5.3.1 Entry Point :  LEVEL2 
5.3.2 Purpose 
To t r a n s l a t e  and process  t h e  secondary MESHLAN commands: 
SHAPE, B~UNDARY, STEP, DIVIDE, and ~ P R ~ P .  
5 . 3 . 3  Cal l ing  Sequence 
CALL LEVEL2 (P , S) 
where : 
P,S - Primary and secondary command I D ' S  - input- i n t ege r .  
5 . 3 . 4  Method 
Tes ts  a r e  performed t o  check the  context of t he  secondary commands. The 
commands are then t r ans l a t ed  and ' t he  values i n se r t ed  i n t o  the common blocks. 
5.4.1 Entry Point: LEVEL3 
5 . 4 . 2  Purpose 
To translate and process tertiary MESHLAN cormnands: 
SHELL, SgLID , ZPR@P, and STRINGER. 
5 . 4 . 3  Calling Sequence 
CALL LEVEL3 (P ,  S , T) 
where : 
P,S,T - Primary, secondary and tertiary command ID'S - integer - input. 
C013f@N/MLSH/ 
5 . 4 . 4  Method 
Tests are performed to check the context of the tertiary commands. After 
translation, the appropriate values are inserted in to /MESH/. 
5.5.1 Entry Point: LEVEL4 
5.5.2 Purpose 
To translate and process the quaternary MESHLAN conunands: 
MMBER, INSYS, @UTSYS, FIX, ELEMENTS, and AL@NC. 
5.5.3 Calling Sequence 
CALL LEVELS(P,S,T,Q) 
where : 
P,S,T,Q - primary, secondary, etc. command ID'S - input - integer. 
C@M?@N/MESH/ c@MM~N/ELTAB/ C@MM@N/P$Pc/ 
5.5.4 Method 
Tests are performed to check the syntax of the LEVEL4 commands. The values 
extracted are then inserted into the appropriate common block. 
5.6.1 Entry Point: LEVEL5 
5.6.2 Purpose 
To process the quintary MESHLAN commands : PROPERTY and THICKNESS. 
5.5.3 Calling Sequence 
CALL LEVELS(P,S,T,Ql,QZ) 
where : 
P,S,T,Ql,QZ - command ID for primary, secocdary, etc. command sequence. 
C@NH@N/ELT~&/ELFX(~O, 8) 
5.6.4 Method 
Tests are performed to check the syntax of the LEVELS commands. Extractel 
values are then placed in the /ELTAB/ common block. 
5.7 CHECKR 
5.7.1 Ertry Point: CHECKR 
5.7.2 Purpose 
To test for the allowability and consistency of the processed MESHLAN 
sequence. 
5.7.3 Calling Sequence 
CALL CHECKR 
5 .8 .1  Entry Point: G E T T ~ K  
5 .8 .2  Purpose 
To return the next token of  a MESHLAN command and its type. 
5 . 8 . 3  Calling Sequence 
CALL GETT6K 
COMNON/LEXIC/TCQDE , ~ 0 K ( 2 )  
where : 
TCQDE - i s  the token type (see Section 3.2)  
TQK - i s  the actual value o f  the token 
C.. 
5.9 GETCRD 
5.9.1 Entry Point :  GETCRD 
5.9.2 Purpose 
To process  t he  MESHLAN commands f o r  l e x i c a l  ana lys is .  
5.9.3 Cal l ing Sequence 
CALL GETCRD 
where : 
T@K - Array containing t h e  types and va lues  of each token ex t r ac t ed  
from t h e  input  stream. The contents  are:  
Row 
-
Contents 
1 Token type code 
1 - BCD 
2 - In teger  
3 - Real 
4 - Delimiter 
5 - End-of -card 
2 Value of token 
5.9.4 Method 
When GETCRD is ca l l ed ,  i t  reads t h e  next  card image i n  t h e  input  stream. 
XRCARD is  then ca l l ed  t o  e x t r a c t  the  tokens from the  card.  This  rou t ine  
then  processes the  XRCARD output t o  a simpler form t o  be used by the  l e x i c a l  
rou t ines .  Although t h i s  funct ion is  purely overhead, it  is of g r e a t  use i n  
s implifying coding and understanding of t h e  l e x i c a l  r o u t i n e s  LEVEL1-LEVEL5. 
6. PLOTTING SUBROUTINES 
6.1.1 Entry Points :  PL@T, PLgT2 
6.1.2 Purpose 
To d r i v e  the  var ious  p l o t t i n g  subrout ines .  
6.1.3 Cal l ing  Sequence 
CALL PL~T~(FRAME) - 2-D p l o t s  
CALL PL@T(FRAME) - 3-D p l o t s  
where : 
FRAME - last frame number, zero  i n i t i a l l y  
6.1.4 Method 
The two e n t r y  poin ts  s e t  a f l a g ,  IPLT23, t h a t  determines i f  2-D o r  3-D p l o t s  
a r e  t o  be made. The t i t l e  is pr in ted ,  then PLTRD is c a l l e d  t o  i n i t i a l i z e  t he  
on-core a r rays .  I f  t h e  p lo t  can be made, v:irious subrout ines  a r e  ca l l ed  t o  
do each aspec t .  
6.2 PLTNFR 
6.2.1 Entry Point: PLTNFR 
-
6.2.2 Purpose 
For SC-4020 p l o t s ,  skip to a new frame, write the plot titles, and increment 
the frame number. 
6.2.3 Calling Sequence 
CALL PLTNFR(FRAME) 1 
where : 
FRAME - input/output frame number 
6.2.4 Method 
If the frame number is 2 0, the SC-4020 is initialized. The plot titles 
are generated from data in /TITLE/ and /PLTDAT/. 
6.2.5 Additional Subroutines 
SC-4020 routines W L V ,  CAMAV, FRAMEV, and PRINTV are called. 
6.3 PLTRD 
6.3.1 Entry Point :  PLTRD 
6.3.2 Purpose 
For SC-4020 p l o t s ,  c r e a t e  t h e  in-core a r r ays  of g r id  da ta .  The d a t a  is  
r o t a t e d  as  per user  request  and converted t o  r a s t e r s .  Each type of element 
input  causes a r e s o r t i n g  and/or addi t ion  of po in ts  on the  input  f i l e .  
6.3.3 Cal l ing  Sequence 
CALL PLTRD (IFIL , IGRL , IGR, RGR) 
where : 
IF IL  - input  f i l e  number, b inary  records of 4 words. 
1GRL'- i npu t ,  number of words of open core.  
IGR) - output  a r r a y  of g r i d  da t a ,  3 words per point  RGR 
word 1 = g r i d  I D  
word 2  = X r a s t e r  
word 3 = Y r a s t e r  
6.3.4 Method 
Each of t he  element types,  defined i n  t h e  header record of t h e  input  f i l e ,  
causes a s p e c i a l  s o r t  of t he  g r id  da ta  output .  For c lo su re  i n  2 o r  t h e t a ,  
e x t r a  po in ts  a r e  introduced. 
6.4 TPLAB 
6.4.1 Entry Point: TPLAB 
6.4.2 Purpose 
For SC-4020 plo t s ,  places the grid ident i f i ca t ion  number t o  the r ight  of the 
grid point.  
6.4.3 =ling Sequence 
CALL TPLAB (IGR) 
where : 
IGR - 3-word array of grid data 
Word Description 
1 grid ID number 
2 X raster  
3 Y raster  
6.4.4 Method 
The grid s e t  is converted to  alphanumeric and printed 32 rasters  t o  the 
r ight  of  the point.  
6.4.5 Additional Subroutines 
SC-4020 routine PKINTV is required. 
6.5  TPLIN 
6 .5 .1  Entry Point: TPLIN 
6.5.2 Purpose 
For SC-4020 plots,  to c a l l  one of the four line-drawing routines. 
6 .5 .3  Calling Sequence 
CALL TPLIN (ICR) 
where : 
I G R  - input 3-word grid ID and raster array 
6 . 6 . 1  Entry Point: TYPLl 
6 . 6 . 2  Purpose 
For SC-4020 p l o i s ,  t o  draw the elements ror a s h e l l  of revolution model. 
6 .6 .3  Calling Sequence 
CALL TYPL1 (IGR) 
where : 
IGR - 3-word grid I D  and raster  array 
6.6.4 Method 
The pre-defined array of IGR s e t  up by PLTRD i s  scanned t o  extract rasLer 
locations.  
6 .6 .5  Additional Subroutines 
SC-4020 routine LINEV i s  required. 
6 .7 .1  Entry Point: TYPL2 
6 .7 .2  Purpose 
For SC-4020 plots ,  t o  draw the elements for a sol id  of revoht ian.  
6 .7 .3  Calling Sequence 
CALL TYPL2 (IGR) 
where : 
I G R  - 3-word grid ID and raster array 
6 .7 .4  Method 
The pre-defined array, IGR, s e t  up by PLTRD i s  scanned t o  extract raster 
locations. 
6 .7 .5  Additional Subroutines 
SC-4020 routine LlNEV is required. 
6 . 8 . 1  Entry Point: TYPL3 
6 .8 .2  Purpose 
For SC-4020 plo t s ,  t o  draw the elements for a spherical s h e l l  cap. 
6 .8 .3  Calling Sequence 
CALL TYPL3(lGR) 
where : 
IGR - 3-word grid ID and raster array 
6 .8 .4  Method 
The grid-defined array, IGR, set up by PLTRD i s  scanned to  extract raster  
locat ions .  
6 .8 .5  Additional Subroutines 
SC-4020 routine L?NEV is required. 
6 .9 .1  Entry Point: TYPL4 
6 .9 .2  Purpose 
For SC-4020 plo t s ,  to  draw the elements for a spherical s o l i d  cap. 
6 . 9 . 3  Calling Sequence 
CALL TYPL4 (IGR) 
where : 
I G R  - 3-word grid ID and raster  array 
6 .9 .4  Method 
The pre-defined array, IGR, s e t  up by PLTRD is cal led  t o  extract: raster  
locat ions .  
6 .9 .5  Additional Subroutines 
SC-4020 routine LINEV i s  required. 
7. COMPUTATIONAL SUa9OUTINLS 
7 . 1  GETLIN 
7 . 1 . 1  En t ry  Point :  GETLIN 
7.1.2 Purpose 
To generate the mesh lines i n  each coordinate  d i r ec t ion  and a p p l y  permanent 
s ingle-point  constzafnts .  
7.1.3 Cal l ing Sequence 
CALL GETLIN 
7.1.4 Method 
The mesh d e f i n i t i o n  da t a  i s  accessed from /MESH/. This da t a  is then expanded 
t o  def ine  a l l  the coordinate  values f o r  t h e  model. These are  then s tored  i n  
/MLINE/ (see Sect ion 2.2.3).  In  addi t ion  t o  t h i s  expansion, SPCs a r e  a l s o  
appl ied to  each g r id  l i n e .  
7 .2 .1  Entry Point: QEL~UT 
7.2.2 Purpose 
To generate element connection for s h e l l  models. 
7 .2 .3  Calling Sequence 
CALL QEL@UT 
7.3.1 Entry Point: SELOUT 
7.3.2 Purpose 
To generate element data for solids of revolution (S~LID, TFULL, GFLUID) 
7.3.3 Calling Sequence 
CALL SEL0UT 
7.3.4 Method 
The grid point ID numbers and increments are accessed and the appropriate 
solid element connection Bulk Data is generated. I, addition, PL@TEL data 
is generated for free surfaces and element ranges computed for CnSTR Bulk 
Data. 
7.4.1 Entry Point-: GENS@L 
7.4.2 Purpose 
To generate  g r i d  poin ts  f o r  t he  general ized s o l i d  model (GFLUID). 
7.4.3 - Cal l ing  Sequence 
CALL GENS~L 
7.4.4 Method 
GENSGL must compute a l l  coordinates  f o r  a f l u i d  with a t i l t e d  su r f ace  knowing 
only t he  boundary funct ion and the t i l t  angle.  The f i r s t  s t e p  is t o  conpute 
t he  he ight  ( a x i a l  value)  of t he  point  on the  low end of the su r f ace  as shown 
i n  the  fol lowing i i l a s t r a t i o n  : 
The equat ion of the  sur face  l i n e  is defined by: 
m = t an  (&) 
The va lue  Z m  is  obtained by so lv ing  t h i s  l i n e a r  equation simultaneously 
with r = f (Z) .  Once these va lues  a r e  found, coordinates  a r e  generated a t  
each e l eva t ion ,  c i rcumferent ia l  and r a d i a l  s t a t i o n  by in t e rpo la t ion  and sulu- 
t i o n  of Eq.  (2).  A t  each s t e p ,  G R I D  Bulk Data i s  generated. A subsequent 
c a l l  t o  SEL@UT generates  t he  element connection cards.  
7 . 5  SHLCAP 
7.5.1 Entry Point: SHLCAP 
7.5.2 Purpose 
To generate both grid points and element connections for  the s h e l l  
cap model. 
7 . 5 . 3  Calling Sequence 
CALL SHLCAP 
7.6 .1  Entry Point; SflLCAP 
-
7 . 6 . 2  Purpose 
To generate both grid points  and element connections for  the s o l i d  cap 
model. In addition, t o  generate PLOTELS for  the f lu id  f ree  surface, i f  
applicable.  
7 . 6 . 3  Calling Sequence 
CALL SfiT,CwP 
7.7 STRNGR 
7.7.1 - Entry Point: STRTJGR 
7.7.2 Purpose 
To generate stringer connections (CBAR or C R ~ D )  defined with shell models. 
7.7.3 Calling Sequence 
CALL STRNGR 
7.8 FLSTRl 
7.8.1 En t ry  P o i n t :  FLSTRl 
7.8.2 Purpose 
To de te rmine  t h e  f l u i d / s t r u c t u r e  i n t e r f a c e s  and g e n e r a t e  CFLSTR Bulk Data 
c a r d s .  
7.8.3 C a l l i n g  Sequence 
CALL FLSTR~ (IC@DE) 
where : 
IC@DE - s p e c i f i e s  whether t h e  s h e l l  e lements  a r e  on t h e  SAVE f i l e  (IU3) 
o r  t h e  s c r a t c h  f i l e  (IU4) 
7.8.4 Method 
The s t r u c t u r e  boundary ranges  (THIN, TMAX, ZMIN,  ZNAX; s e e  S e c t i o n  2.1.3) are 
r e a d  from IU3 o r  IU4 i n t o  core .  The f l u i d  element ranges  a r e  then  r e a d  from 
t h e  SAVE f i l e  one a t  a t ime and compared w i t h  t h e  s h e l l  r anges .  All over lapp ing  
s h e l l  element I D ' S  a r e  saved.  When t h e  p rocess  is  completed f o r  a g iven  f l u i d  
e lement ,  a CFLSTR Bulk Data c a r d  ( o r  c a r d s )  is genera ted  and t h e  n e x t  f l u i d  
element is read .  T h i s  p rocess  c o n t i n u e s  u n t i l  a l l  f l u i d  e lements  have been 
t e s t e d .  
8. SYSTEM CONSIDERATIONS 
MESHGEN was written for, and implemented on, an IBM 360/165. It is currently 
being implemented on the UNIVAC 1108. With the overlay structure defined in 
Figure 3, MESHGEN will execute in 180K decimal bytes (45K words). This 
number can be affected by local modifications to system routines, FORTRAN 16 
packages, or SC4020 software. 
A list of subroutines that can cause implementation problems when installing 
on a new system are summarized. 
8.1 OVERLAY FOR NESHGEN 
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FIGURE 3. OVERLAY FOR MESHGEN 
8 . 2  NACHINE OR FACILITY DEPENDENT ROUTINES 
This routine is written in assembly language and must be written for each 
system before implementation. 
Used to convert ESCDIC to BCD before processing begins. For systems utilizing 
BCD only, the routine should be rewritten to simply copy the input. 
8 . 2 . 3  MESHBD 
The machine constants defined in this BLOCK DATA should be changed to reflect 
the system architecture. 
The plot driver routine, P~flT2, as well as all plot interfaces should be 
checked to conform to facility-dependent conversion. 
